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_ Clavius's Preface. 


——— — 


FL ET cauſe Geog raphers and 
NN 4) Hiſtortans ha've deſcri- 
A Led toro Cities; the 
one in Phacnicia, and 


* 


the other in Africa, 


K 


called by the Name of Tripolis, 


Writers are not certain whether Theo- 
doſius was a Phoœnician, or an African. 


 & hey differ alſo al ot the Time 


wherein he flouriſhed : But it is very 
proiaile, he liud alout the Time of 
Pompey the Great: Becauſe Stiabo 
ſays, he was Cotemporary with Aſ- 
clepiades the Phiſician, in Bythinia, 


' who, if we may credit Pliny, flou- 


riſbed in the Time of Pompey the 


Great. He wrote Various ſmall Ma- 
A2 en.. 


The Preface. 


thematical Tratts, as De Habitatio- | 
nibus, De Noctibus, & Dicbus, and 


liketviſe theſe three learned Buoks of 


Sphericks; in which be has demon- 
| ftrated diverſe Properties of ihe © 

Sphere, the Knowledge of crhich is 
al ſolutely neceſſary in Aſtronomy. 
For without theſe Af ronomy could not 
maintain its Dignity. Likewiſe Di. 


alling very much depends on the 
Knowledge of theſe Sphericks ; as al- 
ſo they are of great Uſe in rightly 


underſtanding of Geography, and 


Proſpective, &. 


And becauſe there are extant tero 
Verſions of Theodotius's Sphericks;the - 


one being John Pena's, cop) d from 


Mauro 


tion of the Arabians : I think it pro- 
per 10 follow the former, in which 
are contained fifty Propoſitions, and 
lay down various Scholia, by which | 
we demonſtrate ſevcral neceſſary and 


plea- 


the . e Greek; and the other 
* 


cus s, taken from the Tradi- 


i 


The Preface. 


pleaſant Theorems ) omited by Theo- 
doſius, but added by the Arabians. 


We did not think it proper in the De- 


monſtrations to follow the Words of 
the Greek Book, lut the Senſe, that 
ſo the Demonſtrations mi ght be more 
conſpicuons. Me have Itkerriſe here 


and there added certain Corollaries, 


Scholia, and Lemmata, to be ſed 
when there is Cecafien for them. 


Aborecver, te have oft 7 negl ected 
the Figures in ile Greek Copy, becauſe 
thoſe m Maurolycus's are more pro- 


per and eaſier to te underſtood. Laſt- 


ly, that the Courſe of the Demonſtra- 
tion miolt not le interripicd, tre have 


cited ile Propoſctions of Euclid, and 
of theſe Books in the Marg in. 
The Citations are thus ta be underſtood. 
1. 1. The firſt Prop. of lib. 1. Eu. 
Cor. 16. 3. The Corollary of Prop. 16. Ih. 3. Ewcl. 


4. of this. The 405 Prop. of this Book. _ 
12. 2. of this. Prop. 12. of /iv, 2. of this Work. 


Ad ver- 


SS ee: ame 


Adverti ſement. 


tical Inſtruments, both for 


Ma- 


Sol d by Jonathan Siſzon, 


8 Inſtrument- maker 


at the Sphere, the Corner of 


Beaufort- Buildings in the Strand. 
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Spherical Elements 
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. THEODOSIUS 
eee CSS 0 1 


DEFINITIONS 
Sphere 1s a ſolid Figure con- 
tain'd under one Superficies, 
to which from one Point with- 

in it, all Kight Lines that be 


I drawn, are equal between 
= themſelves. 


| The aforeſaid Point, is called the Center of 
the Sphere. we 


_ 1 
The Aris of a Sphere, is a Right Line drawn 
thro' the Center,and os on bothSides by 


- — - — — — „ 


{ 


The Spbericks of Theodoſius. Book 1 
the Svperf cies of the Sphere, about which the 


Sphere revolves. | 
IV 


its Axis. 
| V. 5 

The Pole of a Circle in a Sphere, is a Point 
in its Snperficies, from which all Right Lines 
_ drawn to the Circumference of the Circle are e- 
qual to one another. 


SCHOLIUM. 


There is yet added, in the Greek Verſion, another 
Definition, explaining what is meant by the Similar 


Inclination of Plans. But becauſe the Inclination of 


Plans is explained by Euclid, in Lib. 11. Def. 6.and their 
Similar Inclnation in Def. 7. of the ſame Book, | have 
here omitted it, and inſtead * 1 the following 
Definition, not much unlike Def. 4. Lib. 3. Euclid. 


VI. 


Circles in a Sphere, are ſaid to be equally di- 
tant from the Center, when Perpendiculars, 
let fall from the Center of the Sphere, to the 
Plans of the Circles, are equal between them- 


The Poles of a Sphere, are the Extremes of | 


. 
-. 
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ſelves: And that Circle is ſaid to be furtheſt 


diſtant, when the Perpendicular drawn to its 


Plan is greateſt. 


—_—_—. 


THEO. I. PROP. I 


FF the Superficies of a Sphere be cut by any | 
fle the Line made in its Super ficies, it 


_ the Circumference of a Circle. 


e Superficies of the 


Fig, 1. JL ET the Spherical Siperficies A © wich Conarb DY 


be cut by any Plan, making in t 


FSFphere 


Book I. The Spbericks of Theodoſius, 3 
> - Sphere the Line BEFCG. I fay BEFCG, is the Circum- 
ference of a Circle. For, firſt let the Plan paſs thro' the 
Center D of the Sphere, ſo that D may be in the ſaid 
Plan, in which, from D to the Section BEFCG, draw 
any number of right Lines, as DE, DF, DG. There- 
fore becauſe all theſe Lines, be they never ſo many, 
drawn from the Center of the Sphere to its Superfi- 
ties, are equal to each other, the Line BEFCCG (by 
S Def. 15. hb. 1. Euclid,) will be the Circumference of a 
» 4 * whoſe Center is D, the ſame as the Center of the 
5 Let the cutting Plan not paſs thro the Center of Fig. 2. 
the Sphere, (a) and draw from D, the Centre of the (4) 1. 11. 
Fphere, to the Plan, the Perpendicular DH ; draw like- | 
wiſe from H, right Lines, as HE, HF, any how, to 
the Line BEFCG, and join the right Lines DE, DF. 
Therefore becauſe the Anyles DHE, DHF, are right 
ones (from Def. 3. lib. 11. Euclid,) (b) the Square (5) 4. f. 
olf ED, is equal to the Squares of DH, HE, and 
the Square of DF, to the Squares of DH, HF: But 
the Squares of DE, DF, are equal to each other, becauſe 
the right Lines DF, DE, drawn from the Center of 
the Sphere to its Superficies, are equal: Therefore the 
I —_— of DH, HE rogether, are equal to the Squares 
: DH, HF together. From whence taking away the 
S, common Square of the right Line DH, the remain- 
IE ing Squares of the right Lines HE, HF, are equal to 
n- one another, and accordingly the right Lines HE, HE, 
| will be equal to each other. In the ſame manner may 
s tit be demonſtrated, that all right Lines drawn from H, 
to the Line BEFCG, are equal between themſelves, and 
to the ſaid two Lines HE, HF. Therefore the Line 
„ BEFCG, will be the Circumference of a Circle, (from 
: Def. 15. lib. 1. Euchd,) whoſe Center is the Point H, 
in which the Perpendicular falls. Q, E. D. 


nn 
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COROLLARY. 


Therefore if the cutting Plan paſſes thro the Center of 
a Sphere, there will be a Circle made, having the ſame 
Center with the Center of the Sphere. Bur if it does 
not paſs thro the Center of the Sphere, there will be a 
Circle made, not having te ſame Center as ns of 
hh | ec 


4 The Sphericks of Theodoſius. Book I. 
the Sphere. But having that Point for its Center, in 
which the Perpendicular, drawn from the Spheres Ce n 
ter to the cutting Plan, falls. 

# That 1s, 

The Center of a Sphere, is the ſame with the Center of 
a Circle paſſing thre' the ſaid Center, and a Perpeudicular 
drawn from the Center of a Sphere, to the Plan of a 
Circle not paſſing thro the Center of the Sphere, falls in 
the Center of the Circle: Becauſe the Point Hin 
which the Perpendicular DH, falls, has been proved to 

be the Center of the Circle. 


A. 


— 


PROB.I. PROP. IL 
To find tbe Center of a given Sphere. 


* 


Fig. 3. II is required to find the Center of the Sphere ABCD. 
Qurt irs Guperficies by any Plan, whoſe Section ſuppoſe - 
(a) 1. of BDE. (a which will be the Circumference of a 2 - | 
this. cle: (V let the Center of this Circle be F. If therefore 
(b) 1. 3. the Circle BDE, paſſes thro' the Center of the Sphere, 
(e) Cor. i the point E, cc) will be alſo the Center of the Sphere. 
of ths. But if the ircle docs not paſs thro' the Center of the 
(4) 12.11. Sphere, (d) raiſe from E, to the Plan of the Circle 
BODE, the Perpendicular FG, which produced both ways 
to the Superficies of the Sphere in the Points A, B, 
and being bi ſected in the Point G. I fay CG, is the Cen- 
ter of the Sphere: For if it is not, let H be the Center, 
cutting all the Diameters in half, which will not be in 
the Line A C. becauſe that is only biſe&ed in the Point 

(e) 11.11. G, but withont it. (e) Draw from H. the Center of 
the Sphere, to the Plan of the Circle BDE, the Perpen- 
(Ds. 11. dicular HI, F) which will be parallel to FG ; and ac- 
cordingly will not fall in the Point F: for then two 
Parallels GE, HI, would meet in the Point E, which 
is impoſſible. But becauſe the Perpendicular drawn 
from the Center of the Sphere to the Plan of the Circle 
(g)Cor. I. BDE, 2) falls in its Center, I will be the Center of 
of thi, the Circle BDE. But likewiſe F, from Conſtruction, 
is the Center of the ſame Circle; which is abſurd : = 
* eng | 
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the ſame Circle hath only one Center, therefore no o- 


ther Point beſides G, will be the Center of the Sphere. 
Q. E. F. 


COROLL ART. 


From hence it is manifeſt, that if there is a Circle in 
a Sphere not paſſing thro' the Center of the Sphere, from 
whoſe Center is raiſed a Perpendicular to its Plan, the 
Center of the Sphere, will be in that Perpendicular, for 


it has been demonſtrated that the Point & bi ſecting the 


Perpendicular AC, is the Center of the Sphere. 


THEO. U. PROP. III. 
A Sphere doth nt touch a Plan, by which it 


is not cut, in more Points than One. 


OR if it can be, let a Sphere touch a Plan, by which Fig. 4. 
it is not,cut = more Points than 8 in A, B. oth 
now (a) C the Center of the Sphere, being found, draw (a) 2 of 
the right Lines CA, CB: and thro' CA, CB draw a th. 
Plan making in the Superficies of the Sphere (b) the (b) 1 of 
Circumference of the Circle ABD, (c) and touching h, 


the right Line EABF in the Plan. Therefore becauſe (c) 3. 11. 


the touching Plan, in which the right Line EABF is, does 
not cur the Sphere, neither the Circle ADB in its Su- 
perficies,cit's manifeit the right Line EABF, will not cut 
the Circle ABD. Therefore the right Line ABD, will 
fall quite without the Circle. But becauſe the two aſſu- 
med Points A, B, are in the Circumference of the Cir- 


Point A to the Point B, will fall quite within the Cir- 
cle ABD; which is abſurd. Therefore a Sphere cannot 
touch a Plan, by which it is not cut, in more Points 


than One. Q. E. D. 


COROL- 


cle ABD, (4) the ſame right Line AB, drawn from the () 2. lb: 


* ak. Py 
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COROLLARY. 


Hence, if two Points are affigned in the Superficies : 
of a Sphere, a right Line joyning them will fall within 


ce) 2.3 the Sphere. (e) Becauſe it falls within a Circle whoſe 


Circumference is in the Sphere 's Superficies. TY 


IHE O. W. PROP. iv. 
IF a Sphere touches a Plan, which does not 


cut it, a right Line drawn from the Center 


of the Sphere to the Point of Contact, will 
be perpendicular to the Plan. 


Fig. 5. LET a Sphere touch a Plan, not cutting of it, in the 
(a) 2. of £ 
this. | 


Point A: (a) and the Center B of the Sphere being 
id. draw from it to the Point of Contact A, the 
Line BA. I fay the Line BA is perpendicular to the 
faid Plan. For draw two Plans any how thro' the Line 


WAGE #2. 


I a 222 4 . SEL 


00 1. 4 AB mutually cutting each other, which (b) make the 
this. Circumferences ACDE, AFDG, of Circles, in the Su- 
0) 3. 11. 2 of the Sphere, and (c) touching the right 
(d) Cor. Lines HAI, KAL, in the Plan. Therefore becauſe both 

the Circles ACDE, AFDG, paſs thro' the Center B of the 


x. of this. Sphere, (4) B will be the Center of them both. Again, 


. becauſe the Plan touches the Sphere, and does not cut it, 
| neither will the right Lines Hal, KAL, which are in 
it, cut the ſame, and accordingly neither the Circles 

ACDE, AFDG, exiſting in the Sphere s Superficies. 
Therefore the right Line HAI, touches the Circle 

ACDE, in the Point A, and the right Line KAL, the 

_ Circle AFDG, in the ſame Point A. (e) Therefore the 

right Line BA, is both perpendicular to HAI, and KAL 


Whence the right Line BA, will be perpendicular to the 


Plan of Contact, drawn thro the right Lines HAI, KAL. 


Q E. D. 


THEO. 
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THEO IV. PROP. v. 


If 2 Sphere touches a Plan, which does not 


cut it, and from the Point of Contact is 

raiſed aright Line perpendicular to the Plan, 

| The Center of the Sphere will be in the ſaid 
Perpendicular. | 
LET the Sphere ABCD, touch the Plan EF, which Fig. 6. 

— does not cut it, in the Point C, and let there be (a) (a) 12. 11. 
raiſed to the Plan EF, the Perpendicular CA. I lay the PE 
Center of the Sphere is in the right Line AC. For if 
it is not, let the Center of the Sphere be without the 


| Line AC, and draw a right Line from G to C (b) (6) 4. of 


which will be perpendicular to the Plan AC. There- 15. 
fore from the ſame Point C to the ſame Plan EF are 
two Perpendiculars drawn ; which is abſurd : for two 


right Lines cannot (c) be raiſed at right _ in a (c) 13. 17. 


given Plan, from a Point given in it. Q. E. 
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THEO. v. PROP. VL 


The greateſt Circles drawn in a Sphere, are 
choſe paſſing thro? its Center: And thoſe which 
are equally diſtant from the Center, are e- 

qual: But thoſe which are further diſtant 

from the Center are leſſer. And contrary- 
wiſe, great Circles in a Sphere paſs thro its 

Center Thoſe that are equal are equally 

diſtant from the Center But thoſe are 
leſſer, that are further from the Center of 
the Spbere, 5 5 


ET the Circle AD, paſs thro the Center G, of the Pi -, 
Sphere ABCDEF, aud the others BC, EF for th . 7. 


2 The Sphericks of Theodoſius. Book I. 
the Center. I ſay AD is a Circle the greateſt of all, Cc. 
(a) 11. 11. For (a) draw the Perpendicnlars GH, Gl, from the 
| Center G, to the Plans of the Circles BC, FE, 
(6) Cor. 1. which (ö) will fall in their Centers; fo that | 
of this. I, will be the Centers of the Circles BC, EF: (c) 
(c) Cor. I. but G the Center of the Sphere, is alſo the Cen- 
of this. ter of the Circle, AD, paſſing thro the Sphere's 


Center. If therefore from G, HH, I, to the Superficies 


of the Sphere are drawn the right Lines, GD, HC, IE, 
theſe will be the Semidiameters of the Circles AD, BC, 
FE. Alſo join the right Lines GC, GE. Therefore 
becauſe in the Triangle GHC, the Angle H, is a right 
one (per Def. 3. lib. 11. Euchd) (d) the Square of GC 


®) 47. 1. will be equal to the Squares of GH, HC. Whence taking 


away the common Square of the right Line GH, the 
Square of GC, will be greater than the Square of HC; 


and therefore likewiſe the right Line GC, that is, GD, 


(for GC, GD are drawn from the Center of the Sphere 
to its Superficies) is greater than the right Line HC. 
Whence the Circle AD having a greater Semidiameter 
than the Circle, BC will be greater than the Circle BC. By 
the ſame Way of Reaſoning we may demonſtrate, that 
Circle AD is greater than any other not drawn thro 

Center. Therefore the Circle AD, is the greateſt. 
No ler the Circles BC, EF, be equally diſtant from 
the Center G, that is, let the Perpendiculars GH, Gl, be 
equal, from Def. 6. of this Book. I ſay the Circles BC, 


EP, are equal. For when the right Lines GC, GE, fal- 


ling from the Center of the Spliere to its Superficies, are 
(e) 47. 1. equal, and accordingly their Squares equal; (e) and al- 
ſo the Square of GC equal to the Squares of wh HC, 
and the Square of GE equal to the Squares o 
the Squares of Gl, IE, together. Therefore taking a- 
way the equal Squares of the right Lines GH, Gl, (for 
_ theſe Lines are ſuppoſed equal) the remaining Squares of 
fhe right Lines HC, TE, will be equal, and according- 
ly alſe the right Lines HC, IE, will be equal: Bur 
when they are the Semidiameters of the Circles BC, 
FE, theſe Circles will likewiſe be equal. 
I one of the Circles, viz. BC, is placed further 
diſtant from the Center than the other FE, that is, if 
the perpendicular GH be ſuppoſed greater than Gl, we 


11 ˙ ˙ eo: ads. ee el, 


e Squares of GH, HC together, will be equal o 
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may demonſtrate almoſt in the ſame manner, that the 
candle BC is leſſer than the Circle FE, for ſince the 
Squares of GH, C have been demonſtrated to be 
opal che Surf Gi IE ; If the unequal Squares 


right Lines GH, Gl are taken away, 
uy the Square of GI,) 
hon ri gh Line Ne, will be 
Square If the 1 8 
alſo the right Line HC, will be leſſer 


(ODT ware of GH being 
remaining Sq __ 
lefſer than the 
and according] 
than the right 
be leſſer than the Circle FE. 
Now let AD be the greateſt Circle of all. 1 fay it 
paſſes thro G, the Center of the Sphere. For if it do 


not thro' the 1 ſome other Circle paſſing thro 
— 0 greater than the Circle AD, not 


paſſing thro = 8 as has been demonſtrated in 
this Fs Popoſition Therefore AD, is not the greateſt- 

| Circle: Which is abſurd. For it is poſited the greateſt. 

| Therefore it pa ſſes thro G, the Center of the Sphere. 
let the Circles BC, EE, be equal. I fay they 

| are equally diſtant from G, the Center of the Sphere. 

| Fer the T5 nre being conſtructed as before, the Semidia- 

nil equa], And becaoſe the Squares 

» are equa] to the Squares of Gl, 29 


Lafth, I ons of che Chdes BC. 
Jefſer than the other Circle FE, Fi may n the 2 


| manner, be demonfirated, that the P 


is greater than the Perpendicular Gl. —— the 
roved 7 be Ee den to 


+ Squares of GH, HC, have been 
rg aa IE; ant the Squae of . = 
er than uate o e from th: | 

theſis, the Semidiamiter HC, of the leſſer Circle, is 

leſſer than the Semidiameter IE, of the greater Cirile) 


the remaining Square of theri Line GH, will begreater 
than rhe remaining Square of the right Line GI; and 


there- 


ine IE. And therefore the Circle BC, will 


10 


(48. 1. 


* . 
- i 
. 
= 
= 


? 


Fig. 8. 
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therefore alſo the right Line GH, will be greater than 
Gl. Wherefore ſince GH, Gl, are perpendicular, from 
Conſtruction, to the Plans of the Circles, the leſſer 
Circle 1 be further di ſtant (D,. 6. of this Book) 
_—_ ter G, than the greater Circle FE. Q. E. 


' THEO. VI. PROP. VII. 


* * 
* i * 


If there is a Circle in a Sphere, and from the | 


1 
: 
| 


, IN NET 9 


L 


Center of the Si here to the Center of the | 


Circle a right Line is drawn; the ſaid | 
Perpendicular to the Plan of | 


= 


Line, will 
the Circle. 


H the Sphere ABC, whoſe Center is D, let there be 
1 a Circle, as, BFCG, whoſe Center is E, and let the 
right Line DE, connect their Centers D, E: I ſay the 
right Line DE, is perpendicular to the Plan of the 
ircle BECG. For having any how drawn the two Di- 
ameters BC, FG, in the Circle, draw from their Ex- 
tremes, to D the Center of the Sphere, the right Lines 
BD, CD, FD, GD, which will be all equal to one a- 


nother, as being drawn from the Center of the Sphere 


to itsSuperficies: alſo BE, CE, FE, GE, the Semidia- 


meter of the Circle BFC G, are equal. Therefore the | 


two Triangles DB, DEC, have two Sides DE, EB, 
equal to two ſides DF, EC, as alſo the Baſe DB equal 
to the Baſ@®DC ; whence the Angles DEB, DEC, (a) are 
equal and theefore right ones. Wherefore the right 
Line DE, is Perpendicular to the right Line BC. 1 
In the ſame manner may it be proved, that the right 
Line DE, is Perpendicular to FG. (5) Therefore alſo it 
will be Perpendicular, to the Plan of the CircleBFCG, ! 
drawn thro the right Lines BC, FG. Q E. D. 


THEO. : 
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THEO. vn. PROP. vill. 


tbere is a Circle ina Sphere, and from the 

| Center of the Sphere to the Circle be drawn 
| a Perpendicular: The ſaid Perpendicular 

produced both ways, will fall in the Poles f 

r 55 


| the Circle BGDH, in the Plan of which from the ( 511.11. 
„ Sphere's Center let there be (a) daun a Ferpendicular, 
| as EF, which both ways produceed falls in the Super- 

” | ficies of the Sphere, at the Points A, C. I fay, A, C, 
aæære the Poles of the Circle BGDH. For the Perpendicu- 

lar EF, falls in the Center of the Circle BGDH, and 
therefore E, will be the Center of the Circle. Now 

if the Circle BGDH, is draun thro the Center of the | 
Sphere, (b) the Center E of the Sphere, will be the (4) cor. r. 

ſame, with the Center F of the Circle, (c) from which of his. 
to the Plan of the Circle let the Perpendicular AC be (c) 12.11. 
raiſed. Therefore the Diameters BD, GH, being any how - 
drawn, draw from their Extremes, right Lines ta the 
Points A, C. And becauſe AF is Perpendicular to the 
Plan of the Circle BGDH, all 'the _— made at E, 
R 


will be right ones (from Def. 3. Lib. 11. Euclid.] 

Wherefore the two Triangles AFB, AFH, have two 

ſides AF, FB, equal to two fides AF, FH, which com- 

prehend equal Angles, viz. right ones. (d) Therefore (4) 4. f. 

the Baſes AB, are equal. One may in the ſame 

manner, prove, that the right Lines AD, AG, or any 
others drawn from A to the Circumference of the Cir- 

cle BGDH, ate equal between themſelves, and to the 

right Lines AB, AH. Therefore the Point A, is the 

Pole of the Circle BGDH, from Def 5. of this Rook. 
By the ſame way of reaſoning it may be demorfirated 

that Cis alſo the Pole of the ſame Circle. Q. E. D. 


C2 =. 


* - 
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SCHOLIUM. 


In the Verſion of Maurolycus are annexed the 
| following Theorens, added by the Arabians. * 


| 1. 

If there isa Circle in a Sphere, from whoſe 

2 is raiſed a Perpendicular to the Plan of | 

the Circle: This Perpendicular produced both | 

24 ys „ will fall in both the Pole of the Cir- 
C e. 148 . by 


F, the Center of the Greele 1 


? In the laſt Figure from 
0. 12. 11. ns (a) raiſe the right Line "4 
the Plan of the Girele, — the of the 
„ in the Paints A, C Iſay 4, are the Poles 
the Circle DH few Def. 3- Ib. 11. Eu- 
E all the Angles whichthe right Lins AF makes, at 
O41. F ere right anst. (b) Wherefore, as before, the Lines 
AB," AD, 4G, AH, Kc. are equal to each other &c. 
2 TOE Io 
C FA paſſes t „ the r1 
We Lint Bp xdrawn from E, Gps Center of tber pb, 


_ A tothe Plan of the Circle BGDH. 
as W it 
Go 7 a Mr Of rc. _— 1 


| Wee de © Cirele in a * and From 

one of its Poles is drawn a right Line thro it's 
Center; this Line, will be Perpendicular to the 
Plan of the Circle, and ads will fall in 
= other Pole, 


King in the ſame Fioure the Pals the 
cl BGDH, draw ery AFP, -- ij 


Pune Hſe th yr ts 2 Sphere in the 
is 1 ag 
Hi Cn H, and C1s be other Pole 


of the ſets Grcle, E "Rag 7 the two Triangles 


2 


AEB, 


dicular to 1 
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' AFB, AFD, have 1two Sides, AF, FB, 2 to tws 
Sides AF, FD, and the Baſe AB equal to the Baſe AD, 
from the Def. of a Pole, the two Angles AFB, AFD, 
(a) will be equal, and therefore right ones. Whence (4)8. r. 
the right Line AF, is perpendicular to BD. In the 
E 
. iculan to the ri , (9 e-(b) 4.11, 

5 to the Plan of the Girels DH drawn thro 

3 right Lines BD, GH. Which was the firſt thing to 
be demenſtirated. Now becauſe AF, is at right Anples 
| to the Plan of the Circle BGDH, the right Line Fa, 
drawn from the Canter F, wi ulay to the 
| Plan of the Gircle. V 


THEO. VIIL PROP. IX. 


F there be a Circle in @ Sphere, and from one 
_ - of its Poles, is draton a Line Perpendicu- 
lar to it : This Line will fall in the Center 
of the Circle, and from thence produced, 
will fall in the otber Pole of the Circle. 


Fon "drawn (6) £1.11; 
TEES 


* 


Squares of AF, GE, together. "Therefore waking away 
the common Square ot the right Line AE, the remain- 
ing Squares of theright Lines EB, EG, will be equal, 


. drawn from rhe Center of the Sphere, will be 
dicular to the Plan of the Circle BFDG. Wherefore 


e E. D. 


THEO. N. PROP. X. 


Sphere. 


»T the S phere ABCD, let there be a Circle, as BEDG, 
Fig. 12. 1 duo b- ax Fax C, of which is drawn the right 
Line AC, cutting the Plan of the Circle in E. I fay 
che right Line AC, is icular to the Plan of the 
Circle, and paſſes Fed, it's Center (that is, E, is it's 


ny how' drawing thro E, the two right Lines BD, FG, 
and j joining their Extremes by right Lines drawn from 
dhe lol eB AG AF 

and alſo.CB, CG, CF, C \ from the Definition of a 
Pole. Therefore the two riangles - -ABC; have 
two Sides AB, AC, equal to two Sides AD, AC 
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Squares of AE, EB together, will be equal to the | 


and fo the Lines — In the ſame manner it 
may be demonſtrated, that the right Lines EG, ED, are 

„ Gy. 3. ual. (c) Wherefore E is the Center of the Circle | 
.** * BFDG; which was propoſed. Therefore becauſe from 

- the Center of the Circle BEDG, there is raiſed the 

(4) Cor. 2. Perpendicular EA to its Plan, (d) this will paſs thro' 
th. the Center H, of the Sphere, and therefore the ſame HE, | 


= c di. > oth 1 * 


HE, both ways produced, will fall in the Poles of the 
| Circle; and accordingly C. will be the other Pole of } 


4 right Line * chro the Poles of any | 
Circle in a Sphere, will be perpendicular to 

_ the Plan of the Cirele; and will paſs thro | 

- "the Center * the Circle, and 7 the 


Center). and alſo thro the Center of the Sphere. For a- | 
AD, will be equal, 


, and | 
the Baſe BC, equal to the Baſe DC. (a) Wherefore 
(a) 8. 1. alſo the Angles s BAC, DAC, will be equal. Therefore 

a aa Triangles ABE, ADE. bave —_— 


V9 oY VP, T- 


„ 


* 


— 
- 


8 8 8 


* * - T 
9 
e N 
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be equal, and confequently right ones. In the ſame (I) 4. 1. 


Angles to the Lines BD, 


_ _caaule 


If there be a Circle, in a Sphere, and from 
one of its Poles a right Line be drawn thro' 
the Center of the Sphere; this Line will be 


produced, will fall in its Center, and the other 


Sides AB, AE, ST to the two Sides AD, AE, and 
the Angles BAE, DAE contained under them equal, as 
has been proved, alfo the Angles AED, AEB, (b) will 


manner we demonſtrate, that AEG, AEF, are right 
Angles. Therefore the right Line AE is at right 
EG. (c) Wherefore it will c 4 11. 
be Ferpendicular to the Plan of the Circle, drawn thro' 
the right Lines BD, EG. Which was the thing 
firſt propoſed. Now becauſe from A, the Pole of the 
Circle BFDG, the right Line AE, is drawn perpendicu- 
Irr to its Plan, (d) AE will fall in its Center. There- 40 
N is the Center of the Circle BFDG. Again, de-? MN. 
rom E, the Center of the Circle BEGD, is drawn 
the Perpendicular EA, to its Plan. this (e) will alſo paſs (e) Cor. 2. 
thro the Center of the Sphere. VVherefore the right f bs. 
Line AC is Perpendicular to the Plan of the Circle 
BEDG, and paſſes thro' its Center, and the Center of 
the Sphere. Q E. D. 


SCHOLIUM _ 
| There are added here theſe two other Theorems. 


| endicular to the Plan of the Circle, and 


Pole. 

In the Sphere ABCD, whoſe Center is E, let there Eig. 13. 
be the Goel BGDH, K. Pole A, thro E, the * 
Center of the Sphere, 1s drawn the right Line AE, 
cutting the Plan of the Circle in E and ths Superfictes 
of the Sphere, in C. I ſay AE, is perpendicular to the 
Plan of the Circle, and paſſes thro' "its Center and the 
other Pole; that 1s, F is the Center, and C, the other 
Pole. For having drawn the two right Lines BDGH, 
any how, and drawn Lines to their Extremes, fromthe 
Pots A, E; AB, AH, AD, AG, from the Definition 
of « Pole will bs qual ; a, EP, EH, ED, EC, th 

enn. 


be Spbericks of Theodofjus. Book I. 
Semudiameters the Sphere. Therefore becauſe 
che in Tai, ABE, "ADE, have boo Sides AB, 
AE, equal to two Sides AD and the Baſe | 
;. EB oqual to the Baſs ED ; (0) th 
will be equal. Therefore the two T 


COROLLARY. 


It there is a Circle in a Sphere, and from the 
Center of the Sphere a right Line be drawn, 

thro the Center of the Circle; the ſaid Line 
will fall in both the Poles of the Circle. 


hn the laſt Figure 


- draw thro E, the Center of the 
Sphere, andF theCenter of the GircleBGDH,ythe rig ht Line 
EF, which produce both ways. I [ay EF, falls in each 


Pole of the rel BGDH : For 1 Line 
— . = , 


xr NN th SIT 1 LW VERA 2 


E e -»- food ob i£AaA co e 8 
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EF, connefing the Center of the Sphere. and the Center 
of the Circle tGDH, (-) i perpendicular to the Plan e) 7. of 

the ſame Circle, (/) the ſame EF, each way produ- 'h'. 
ced, will fall in both the Poles of the Circle. Q E. D. by of 


COROLLARY. 


From the whole, it is manifeſt, that theſe four Points, 
in a Sphere, name y the two Poles of any Circle, its 
Center, and the Center of the Sphere, are always in one 
right Line, viz the Diameter of the Sphere; which 
Diameter it perpendicular to the Plan o. the Circle: 
So that a right Line drawn thro any two of thoſe Points, 
will alfo pats thro' the other two, and be perpendicular 
to the Plan of the Circle: Likewiſe x right Line drawn 
thro one of thoſe Points, perpen licular to the Plan 
of the Circle, will alſo paſs thro the other three Points. 


* u 


THEO. X PROP. XI. 


Great Circles in 4 Sphere, mutually cut each 
other in balf. 


IN the Sphere ABCD, let the two great Circles AC, Fig. 14. 
BD mutually cut each other in the Points E, F. I fay 

they mutually biſe& each other. (a) For becauſe great 5 

Circles in a Sphere paſs thro its Center, the Circles 2 6. of 

AC, BD, will thro' the Center of the Sphere, 

which let be G. (b » And becauſe the Center of the (5) Cor. 1. 

Sphere is the ſame, with the Center of a Circle paſling f bis. 


I thro' the Center of the Sphere, the Point G, which is 


put for the Center of the Sphere, will be alſo the Cen- 

ter of both the ( ircles AC, BD, fo that it will be in 

{ the Plans of both the Circles AC, BD. Alſo the Points 

E, F, are in each Plan. Therefore three Points E, G, 

E, are in both the Plans of the Circles AC, BD; and 

conſequently they will be in their common Se gion, be- 

cauſe only their common Section is in each Plan. (c)() 3. 111 

But their common Section bs a right Line, * 
| | nree 


Fig. 15. 
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three Points E, G, F, are in a right Line drawn from 
E thro G to E, which becauſe it paſſes thro G, the Cen- 


ter of both Circles, and of the Sphere, as has been 


prov'd, it will be the Diameter of both Circles, and 
of the Sphere. And therefore it will cut each of them 


in half, ſo that EAF, NE, EBF, FDE, are Se- 


micircles. Q. E. D. 


n 


THEO. xl. PROP. XI 


— 


ther in half, are great onet. 


IN the Sphere ABCD, let the Circles AE, BD, mutu- | 


ally biſect each other in the Points E, F. I fay the 
Circles AC, BD, are great ones. For becauſe they mu- 


tually biſe& each other, in E, E, the right Line EF, | 
(being drawn) will be the Diameter of them both, ſince 


only a Diameter biſe&s any Circle; and accordingly the 


ter of both the Circles: Which I ſay alſo is the Center 


of the Sphere, and conſequently both Circles paſs thro' 


the Center of the Sphere. For if G, bedeniedto be the 
Center of the Sphere, and accordingly the Circles AC, 


BD, are not drawn thro' the Center of the Sphere; we 
therefore 


(a). 12. 
Il. | 


thus demonſtrated that G, is the Center, and 


each Circle paſſes thro the Center of the Sphere. (a) For 


1 Plan of the Circle AC, the perpen- 


dicular GH: Alſo raiſe GI, perpendicular to the Plan of | 


ehe Circle BD. Therefore becauſe the Circles AC, BD, 
are denied to paſs thro' the Center of the Sphere, both 


() Cor. A the perpendiculars GH, GI, (5) will paſs thro'the Cen- 


of this. 


ter. Wherefore the Point G, in which they meet, will 
be the Center of the Sphere, for othetwiſe Fug Pre 
will not be in both: And accordingly both the Circles 


(e) 6. of paſs thro the Center of the Sphere. (c) Therefore the 


this, 


Circles AC, BD, paſſing thro the Center of the Sphere 
are great ones. And conſequently Circles in a Sphere 
mutually biſecting each other, are great ones. Q E. D. 


SCHO' 


Circles in a Sphere, mutually cutting one ano · 


right Line IE, being biſected in G, G will be the Cen- 
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SCHOLIUM. 


Here ce an admirable way of arguing. For 
from 1 of G's being, the Center of the Sphere, 
it is demonſtrated in the Afirmatius that G 1 the 
Center of the Sphere. Which manner of arguing alſo 
zs uſ2d by Euclid, in Prop. 12. Lib. 9, an by Cardanin 
Lib. 5. Prop. 201, 4s we have mentioned in the Scholt- 


um of the ſame Propoſitton. 


— 


— 


1 


THEO. xu. PROP. XII. 

If a great Circle in a Sphere cuts any ot her 
* Circle at right Anglet; it will alſo cut it 
in half, and paſs thro its Poles, 


- ET the great Circle ABCD in a Sphere cut the Fig 16. 
Circle BED, at right Angles, in the Pots B, D, that 


is let the Plan of the Circle ABCD, be at right An es, 


to the Plan of the Circle BED, and let their common 

Section be the right Line BD. I ſay the Circle ABCD, 

cuts the Circle BED, in half, and paſſes thro' its Poles. 
(a) For the Center E, of the great Circle ABCD, being () f. 1. 

found, which alſo will be the Center of the Sphere: 


) For when a great Circle isdrawn thro' the Center of (6)6. of 


the Sphere, (c) its Center, will be tue ſame as the Cen- 2%. 

ter of the Sphere.) (d) Draw the perpendicular FU, : c) Cor. x. 
from F to the Plan of the Circle BED, (e) which will / his. 
fall in the common Section BD. And let it fall in G. 11. rr. 


Then becauſe it likewiſe falls in the Center of the Cir- wy 8. xx; 
cle BED, G vill be the Center of the Circle BED; (/) - Cor. 1. 


and therefore BD drawn thro G will be a Diameter o RY 
ſame: And becauſe it divides the Circle BD in halt, 
alſo the 12 Circle ABCD, drawa th'o the right Line 
BD, will divide it in half. Which was the fir thing 
8 Now becauſe the right Line FG, is in the 

lan of the Circle ABC O, that produced, will fall to 
the Points A, C, which are in the Superficies of the (6) 8. of | 
Sphere: (g) I will * fall in each Pole of * this 

| f 2 le 


20 be Sphericks of Theodofivs. Rook I. 
cle BED, becauſe it is drawa from F, the Center of the 
Sphere, perpendicular to the Plan of the Circle. Therefore 

A, C, are the Poles or the Circle BED; and according 
the great Circle ABCD, paſſes thro the Poles of the 
Circle BI D. Which was the ſecond Thing propoied 7 
to be demonſtrated. oY 

SCHOLIUM. 


This tog *ther wit) th 8th, gth, and roth. Propoſitions, | 
and their Schol:um, take place, when the Circle, BD, 18 ; 
a great Grcle, and paſſes thre the Canter of the Sphere. 
For it it manifeſt, tbe Demonſiration ic nighly the ſame. : 
, | | Nl 3 


—_— 


THEO. Xl. PROP. XIV. | 
If a great Circle in a Sphere biſefs another | 
Cercle, 1 bich is not & great one; it will 
cut that other Circle at right Angles, and 
paſi thi its P les. N 


F ET the great Circle ABCD, in a Sphere, cut the leſ- 
Fig 17. ſer Circle BED, in half, in theFoints B, D, and 
let their common Section be the right Line BD. I 1 
ſay the (iicle ABCD, cuts the Circle BED, at right An- 
les. and piſſcs thro its Poles. For becauſe the Circle 
5² D, is biſccted in B, D, that is, in Semicurcles, the 
common Section BE, will be its Diameter. Therefore 
FD, bei g tiled in FP, F will be the (eiter of the 
(a) 2. of Circle BED. () And :fluming G, the Center of the 
his. Ephere, which alſo will be the Center of the great Cir- 
cle ABCD, draw from G to FE, the right Live GFE, () 
(5) 3- of which will be perpendicular to the Plan of the Circle 
ie. RED: (.) And ſo the Plan of the great Circle ABCD, 
(% 8.11. drawn thro” the right Line FG, will be at right Angles 
to the Ilan of the Circle BED. Therefore the great 
Circle AFCD, cuts the leſſer (ircle BED, at right Anᷣ- 
gles: Which was the firſt thing te: be demonſtrated. And 
1 — it has Feen ſhewn. that the right Line FG, dai 
frem (i the Center of the Sphere, to the Plan of the 
Circle BED, is perpendicular, FG, each way h 


5 


＋ n & ã 


iO a d a 1 wmRhR;.A4, 


— 


wv Nv rtl e Ow @©d 


KR — * 80 
i N 2 e IP * hows R 


Book I. The Sphericks of Theodoſius. 20 
(d) will. fall in the Poles of the Circle BED. Wherefore (4)8. 4 
becauſe GF exiſting in the lan of the Circle ABCD, his. 
produced falls in its ircumference in the Foints A, C, 
which alſo are in the Superficies of the Sphere; A, C, 
will be the Poles ef the Circle BED; and therefore the 

reat Circle ABCD, paſſes thro the Poles A, C, of the 
ſed Circle BED, Which was the ſecond thing pro- 
poſed. 1 1 1 5 s 


—— — „ 


THE O. XIV. PROP. xv. 
If a great Circle in 4 Sphere paſſes thro' the 
Poles of another Circle, it will biſe& this 
other Circle, and cut it at right Angles. 


— 


1 ET the great Circle ACD, in a Sphere, paſs tho Pie. 
I the Foles A, C, of the Circle BED : I fo che Cir- Fig: 18, 


cle ABCD cuts the Circle BED, in half, and at right 


Angles. Fo: from one Fole to the other draw the right 

ine AC, cutting the Plan of the Circle BED in F. 
(a) Then becauſe the right Line AC, is perpendicular to 
the Plan of the Circle BED, and paſſes thro'the Center of (a) 10. of 
the Sphere, and the Center of the Circle BED; E, will 7548. 
be the Ce ter of the Circle BEj>, Therefore ſince the 

reat Circle ABCD, cutting the Circle BED, paſſes 

the right Line. AC, and fo thro the Center E, the 


common ection BED, will be a Diameter of the Circle 


BED. Therefore the Circle B D is bi ſected; I fay alſo 
and at right Angles. For becauſe the right Line AC, 
has been ſhewn to be perpendicular to the Plan of the 
Circle BED, alfe the Plan of the great Circle ABCD, 
drawn thro the right Line AC, (b) will be at right Angles (6) 18. 17, 


= 


to the Plan of the Circle BED. Q. E. D 


— 


SCHOLI- 
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SCHOLIUM., 


2 are added Four other 8 in this Or. 
der, in another Verſion. 


If a preat Circle i in a W paſſes thro” the 
Poles of any other great ircle, this ſhall mu- 
tually paſs thro the Poles of that. 


Fig. 19. Let the great Grecle ABCD, ina Sphere, paſs fare | 
( 


the Poles 7 C, of the great C rele BD. I ſay the great 
_ Circle BD, " will alfo paſs thro' the Poles of the great 
Circle ABCD. For becauſe the great Grrcle ABCD, paſ. 
u 278 the og to Gre it (a) will cut it at) 
; Ang les * reciprocally the great Grcleb «+ 
G 13. of BD, e Circle ABCD, at right 1 . 
wh. and therefore it will paſs thro ts Boles. Which was} 


Propoſed. 
1 1 1 | 
If a Circle in a Sphere, paſſes thro' the Poles 
of another Circle, it will be a great Circle, by- 


ſecting that other Circle, and alſo at right A. 
gles to it. 


Fig. 20 Lt the Goole ABD in  Syhere \ paſs thro'the Pol 
A, C, of the Circle BD. Yor: ay it 5 4 great Circle, 


See Gree BD and at right Ang les. 
the Poles 4, C, rip ht Lins AC which 
FR L * in yg Plan + the S oy 
auſe its Crrcumference, is ſuppoſed to paſs thro} 
: - 7 1 C. But Co . 40 
__ drawn thro' the Poles A, CG, Circle BD, (a) 22 
ſes thro the Center of the Sp : alſo the Cirele 4 CD, 
| (5) 6. of (becauſe it is drawn thro the right Line AC.) will paſs 
. thro the Center of the Sphere; (b) and conſequently 
_ will be a great Circle. Wherefore ſince it is ſuppoſed 
15. of to paſs thro' the Poles A, C. of the Circle BD, (c) it 
* will cut it in half, and at right Angles. Much was 


d. : 
ft m 


5 


C 
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! BD, in hal}, and at right 


| great Circle. For bacauſa CD, is perp 


III. = 

If a Cirele in a Sphere cuts another Circle 
in half, and alſo at right Angles; it will be a 
great Circle, and paſſes thro” the other Curcle's 
Poles. . 1 
La the Circle ABCD, in a Sphere, cut the Circle Fig. 21. 

* I ſay is a great = 
Circle, and paſſes thro the Poles of the Circle BD. For 
let the right Line BD be tbeir common Section. There 


l fore becauſe the Circle ABCD, cuts the Circle BD, in 
Half, th: right Lins BD, to wit, their common Section, 
will bs the Diameter of the Circlæ BD, and therefore 


biſeB#s the r'p bt Line BD, in E: Whence E, will be the 


Enter of the Circle. Now draw in the Plan of the Circle 


74 A, cular to BD. 
Then becauſe the Circle ABCUD, cuts the Circle BD at 


' ABCD, paſſes thro the Foles A, C, o the Circle CD. 
Wherefore fromthe precedent Theorem, it will be a great 


Circle. But it has been prov'd thut it paſſes thro the 


Poles of the Circle BD. Therefore what was propoſed, 


it manifeſt. 

CY _ = 3 
If there is a Circle in a Sphere, and from one 
of the Poles be drawn to its Plan a perpendi- 
cular Line equal to its Semidiameter; the ſaid 


1 Circle will be a great one. 


Let there be @ Circle, as AB in Sphere, from the Fig, 22 


Pole C of which, to its Plan, ts let fall the P:rpendicu 


lar CD, - ahi to its Semndiameter. 1 ſay AB is @ 
re - N 1 -nicular to « uf 

cle Ak, it (% will fall in the Center of the Circle, (h) 9. of 
ond produced will fall ne other Foley winch lot bs E this. 
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Cor. 2. VPkence D, is the Center of ths Circle AB: And (i 
of this therefore the Perpendicular CD, will paſs thro' the 


Center of the Sphere. Now draw thro the r1ght Line 
ch) 1. of CE, in the Sphere, a Plan any how (k making the 
this. Circle AEBC, which becauſe it paſſes thro the Center of } 
(1) 6. of the Sphere, (I) will be a great Circle. VVhich (ir- 
this. cle AB, cut, in the Points A, B, and draw the Senndi- 
ameter DB which, from the Hypotheſts is equal to CD. 
But becauſe CD is Perpendicular to the Circle AB, the 
, \ca., Angle CDB, will be (from Def. 3. Lib. 11. Euclid.): 
«+ _— one. (m) VVherefore BD 1s a mean Froport Þ 
3% onal between CD, DE, that is, as CD, to DB; ſe will 
 BDbeto DE. But CD is equal to BD. there- | 
' fore DE, will be equal to the ſame BD; and conſe- 
qu2ntly CD, DE will be equal, between themſelves. 
Therefore becauſe CE, has ben proved to paſs thro | 
the Center of the Sphere, D will be the Center of the 
Sphere. But it was alſo ths Center of the Circle AB. 
berefors the Center of the Sphere, and the Center of 
(n) 6. of the Circle AB, is the ſame; (a) whence accordingly the 
this. Circle Az is agreat one. VV hich was propoſed. 


THEO. XV. PROP. XVII. 
F there is a great Circle in a Sphere, a right 
Line drawn from one of the Poles to its 


Circumference, is equal to the ſide of Square | 
 tnſcribed in a great Gircle. b 


: E there be a great Circle AB, in a Sphere, from 
22s ? 
Fig. 23 L whoſe Pole C, to it; Circumference, 5 drawn the 
_ right Line CB. I fay CB is equal ta the Side of the 
Square inſcribed in the Circle AB, or any other great one; 
(4) 11.11. For (a)? draw from C, to the Circle AB, the Perpendi- 
(5)'9. of cular CE, (0) which will fall in irs Center, which let be 
this. E, and 4 will fall in the other Pole, which let 
de D. Now let there be drawn thro the right Lines 
AB, CD, a Plan, (c) making the Circle ADBC in the p 
Cr. of Sphere; which becaule it palies tho E the Center of the 
| Sphere 


_ - _ * — —_— - — —— — - — — — — — — — 
= 

- . - — — yy 2 py — —— — — » — — — —— — — — mY - — — — — 

— — — - > —— GIG ox. — a _ — 
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a K q q _ aw + <> — 27 — — 
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ö AgB. Therefore two Diameters AB, CD, in the great 


' drantof a great Circle. For C, the Pole of the great 


. the Side of a Square inſcribd in a gteat Circle, and 
therefore it ſubtends a Quadrant in a great Circle. 


E 
* 
oY 
a 
F 
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Sphere (for E, the Center of the great Circle AB, which 

paſſes N. of the Sphere, (d) Alb be the (4) Cor. r. 
ſame, as the Center of the Sphere) (e) will be a great 9 h. 
Circle; and therefore it will (/) biſect the great Circle * of 
AB. VVhich likewiſe from hence is manifeſt, be-(/) 11 of 
cauſe it paſſes thro its Poles. (g) For from hence it is h. 
that it biſects it. Let therefore the common Section (g) 15. of 
BEA be the Diameter. And becauſe CE, is drawn chi. 
icular to the Circle AB, it will be icu- 

(from Def. 3. Lib. 11. Euclid) to the right Line 


Circle ADBC, mutually cut each other at right Angles : 

O and accordingly, as is demonſtrated in the fourth (+) 6. 4. 
Book of Euclid, CB, is the Side of a Square inſcribed 

in the great Circle ADBC, and likewiſe in the great 


COROLLARY. 


But becauſethe four right Angles, at the Center EF, 
are equal, and (i) conſequently the four Arcs BC, CA, (3) 26. 3. 
AD, DB, which they comprehend, equal, viz. Qua- 

drants, it is manifeſt, that the Pole of a great Circle, 

in a Sphere, is diſtant from its Circumference, a Qua- 


Circle AB, is diſtant from its Cones, by the 
Quadrant CB, and there is the ſame reaſon for the o- : 
thers. For () always a right Line drawn from the Cir- (4) 16. of 
cumference ot a great Circle to its Pole, is equal to this. 


SCHOLIUM. : 


The Converſe of this is likewiſe demonſtrated, in the 

other — 3 —— 

If there is a Circle in a Sphere, and a right 

Line be drawn from its Poles to its Circumfe- 

rock, equal to the Side of a Square infcrib'd 
it, c 


o” 
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In the laſt Figure, let there be drawn the right Lime 

CB, Fw the Pole C of the Circle AB to its Circum- 

ference, equal to 1 Side of the Square —_—_ in 

I) 11. 11. the Circle AB. Ifay AB ts a great Circle. For (0 
let there be drawn from C. to the Circle AP, the Fer- 

(m) 9. of pendicular CE, which (ui) will fall in its Center, which 
this, let be E. And hammg drawn the Semidiameter EB, 
"FI the Angle E (from Def. 3. lib. 11. Euclid) will be a 
®) 47- I: right one. (n) Therefore the S any that is, the 
Square deſcrib'd in the Circ 15 equal to the 


Squares of BF, CE: But the $ 75 4 of the Semidi- 
cri 7. 


ameter EE, 1s half the Square in the Circle 


AB, as preſ ently A1 * demomſtratad. And there- 


e the Square of CE, will alſo be half of the 
E. In the WW Circle 1 ti &S 
BE, CE, will be equal to each ot er, and conſe e. 
ly the Lines BE, CE. Wherefore becauf, ſe CE is 
from the Pole G of the Circle AB, perpendicular to its 


schol. Plan, and it has been proved to be equal to the Semi- 
. G of 1. ter - BE, (0) AB will by eres Grele. 


LEMMA 


In any C ircle the Square of the Semidiameter 


is half of the Square inſcrib d in it. 


Fig. 24 In the Circle, whoſe Center is E, let there be drawn 
the Diameter: AC, BD, . creſſing each other at right 
Ang les, in the Center E. Therefore the right Lines 
AB, BC,CD, DA, being drawn ABCD will be a Square, 
inſcrib 4 in the C ele, as is N from Prop. 6. lib. 4- 
Euclid. But becauſe ths es of the equal Semi- 
(0) 47, 1. diameters EA, EB, are equal between themſelves, ( ) 
2 e of 

| ore t A, half the Square 
of A, pic wes pr propoſed. " 


'THEO- 


* 
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THEO. XVI. PROP. XVII 
| If there be a Circle in a Sphere, from whoſe 


Pole to its Circumference is drawn a right 
| Line equal to the Side of a Square inſcrib'd 


in a great Circle, the aforeſaid Circle will 
be a great one. 


J ET there be a Circle, as AB, in a Sphere, from whoſe Fig. 25. 
Pole C to its Circumference is drawn the right Line 
CA, equal to the Side of a Sphere inſcrib d in a great Circle 
bol the Sphere, I ſay A; is a great Circle. For draw a Plan 
' thro' the right Line AC, and the Center of the Sphere, 
(a) making the Circle ACB in the Sphere, which (1. of 
will be a great one, becauſe it's drawn thro” the Center of hi. 
the Sphere. Draw alſo from C, the right Line CB to (5) 6. of 
the Point B, in which the great Circle ACB, cuts the this. 
+ Circle AB; then from the Def. of a Pole, the right 
| Line CBE, will be equal to the right Line CA. There- 
fore becauſe AC, is the Side of a Square inſcrib d in the 
t Circle ACB, CB will be alſo the Side of the ſame 
— ; and therefore the two Arcs AC, CB, will be 
Qaadrants, making up the Semicircle ACB, becauſe 
/ the four equal Sides of the Squares, (4) ſubtend four e- () 28. 3. 
f ual Arcs of the Circle. Therefore the right Line 
B, the common Sefion of the Circles, will be a 
Diameter of the great Circle ACB; and accordingly of 
the Sphere. But becauſe the great Circle ABC paſſing 
|  thro' the Poles of the Circle AB, (1) cuts it in half, the(d) 5. of 
common Section AB, will alſo be a Diameter of the this. 
Circle AB; and accordingly, ſin e it is likewiſe the 
* * Spheres Diameter, AB will be a great Circle. Q. E. D. 


e A 


* 


* 
©” 
75 | 
2 


55 | 
| E 2 PROB- 


32.1. Figure EFHG, are equal to two right 


22.3 fcribd about it: VVhich being deſcribd, the 


| 
1 
1 
| 
| 
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'PROB. IT. PROP. XVIII 


To draw a right Line equal to the Diameter 
F any Circle in a given Spbere. 


ig. 26. | ET any Circle ABCD be given in a Sphere: It is 
Fig 27. L required to find its Diameter. Having aſſumed a- 
nn where three Points, A, B, D, in the Circumfe- 

r ence of the Circle, anddrawn the right Lines AB, AD, 
(a) Schol. BD, (a) make the Triangle EEG equal to the Triangle 
22. 1. ABD, fo that the Side EF be equal tothe Side AB, EG, 
to AD, and FG to BD. For the three Intervals AB, 

AD, BD taken in the Superficies of the Sphere may by 

hel oh} of Compaſſes be transferrd on a Plan; 

ſo a Triangle may be conſtituted, whoſe three Sides 

æare equal to thoſe three Diſtances. Again from G, E, 

draw the Perpendiculars FH, GH, to the right Lines EF, 

ECG, concurring in H, and joyn the Points E, H. I fay 

EH, is equal to the Diameter of the Circle ABCD. For 
having drawn the Diameter AC, joyn the Points D, C. 

(5) Schol. Now (Y) becauſe the four Angles of the 228 
ones, and EFH, 

EGH, are right Angles, alſo FEG, FHG, will be equal 

— werfe —_—_ — — 1 Fs the 2 

igure EFHG, any two oppoſite es, are equal to 

(c) Schol. two right Angles. (c) Wherefore a Circle may be de- 


EFG, EHG, in the ſame Segment, whoſe Chord is EG, 
(4)27, 3. (4) will be equal, (e) But the Angle EFG, is equal ro 
(©) d. 16 the Angle ABD; ſince the two Sides EF, FG, are equal | 

to two Sides AB, BD, and the Baſe EG, to the Baſe 


_ (27.3. AD, from Conſtruction, ( and alſo the Angle 


ABD, equal to the Angle ACD. Therefore alſo the 

. 3. Angle EHC:, will be equal to the Angle ADC, ( 

which here likewife is a right Angle, being in the Semi- 
circle ADC. VVherefore the Triangles EHG, 

| have tu Angles equal to two Angles, and alſo the Side 

EG, 2 one of the equal Angles equal to the 

2+ ; Side AD. (b) VVherefore alſo the Side EH, will be 

(Þ)26.1. equal 15 the Side AC. Therefore we have drawn * 

n ngnt 
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right Line EH, equal to the Diameter AC, of the Cir- 
cle ABCD. Q. E. F. 


1 — 


— 


* 


9 — — * 
* 


PROB. III PROP. XIX. 
To draw à right Line equal to the Diameter 
| of a given Sphere. 


Aving aſſumed the two Points A, B, any where on gi 26. 
LI the given Sphere, deſcribe from the Pole A, and 3 2 
with the diſtance AB, the Circle BD, to (a) whoſe "4" "8 
Diameter make the right Line FG, equal. () and make %. 
upon FG, the Triangle EFG, having each of the other 5) Schol. 
Sides EF, E — to the drawn Line AB, viz. in aſ- 22. 1. 
ſuming with a pair of Compaſſes the interval AB, Cc. 
Again draw from P, G, the P iculars FH, GH, to 
tme Lines EF, EG, meeting in H; and joyn the Points 
| Lay EH, is equal to the Diameter of the given 
Sphere, For having drawn the Diameter AC of the 
Sphere, draw a Plan, thro the right Lines AB, AC, (c) (e) t. of 
er ABC, (d) which will be a great m. 
one, ute it is drawn thro' the Diameter of the 6. of 
Sphere, and fo thro the Center of the ſame. Where- 
fore the ſame drawn thro' A, the Pole of the 
Circle BD (e) will biſect the Circle BD; and ac- (e) 15. ef 
cordingly the common Section BD, will be 4 7 
Diameter of the Circle BD: And drawing the right 
Lines AD, DC, the two Sides AB, DB, will be equal 
to the two Sides EF, FG, as alſo the Baſes AD, EG. 
For FG, is equal from Conſtruction, to the Diameter : 
BD: And both EF, EG, to AB, or AD. (/) Therefore ( S. r. 
alſo the :Angles ABD, EFG, will be I. g) But (0 27. 3. 
the Angle ACD, is equal to the Angle ABD: And alfo 
the Angle EHG, to the Angle EFG, as has been de- 
monſtrated in the precedent Propoſition. Therefore 
likewiſe the Angles ACD, EHG, will be equal. Alſo 
the right Angles ADC, EGH, are equal, and likewiſe 
the Sides AD, EG. (þ) Therefore the right Line EH, (bib. 1. 
will be equal tothe right Line AC. Wherefore we have 
drawn the right Line EH, equal to the Diameter AC, 
of the given Sphere. Q. E. F. SCHO- 


Fig. 28. 

| the Pole Aof the Grele RC, in a Sphere, to its Circumfe- | 
rence, wh:ch will be laſſer than the Diameter of the 
Sphere, and therefore leſſer than th: Diameter of a 


this. 
G06. of 


this . 


from the Definition 


(1) 28. 3. 


SCHOLIUM 


fron 


A right Line drawn from the Pole of any | 


Circle in a Sphere, to its Superficies, equal to 


a right Line drawn from the ſame Pole, to the 
Circumference of the Circle, falls in the Cir- 


cumference of the ſaid Circle. 


Lat there be any how drawn the right Line AD, from 


Sphere.) Now draw from the ſame Pole A, to the Su- 


perfictes, the right Line AE, equal to AD. I ſay the 
right Lins AE, falls in the — of the Cir- 
cle BC. For if it does not, thro the right Line AE, and 


the Center of the Sphere, draw a Plan, (i) making 


(i) 1. of the Circle ABC, in the Sphere, which (k) will he 
great one, as being drawn thro the Center of the 

p cut the Grcle 

in the Points B, C. Therefore the right Line AE, 


Sphere. Likewiſe let the Circle ABC, 


will not fall in the Points B, C; becauſe it is ſuppoſed 


Whence the right Line AB bei 


. of a Pole, equal to AD, and there- 
fore to the right Line AE. And hecauſe both AB,A 


E. i 
are leſſer than the Diameters of the great Circle ABC, i 


as bas been ſaid, (I) the Arcs AB, AE, becauſe th 
are Segments leſſer than a Semicircle, will be equa 
viz. the Part to the Whole : which is abſurd. There- 
fore the right Line AE, falls in the Circumference of 
the Grrele BC, which was propoſe. "PE 


THEO- 


The Sphericks of Theodofius. Book I. 


The following Theorem is added in the other Ver- 


great Circle in the Sphere (becauſe the Diameter of a 
Sphere is the greateft of all right Lines drawn in a | 


os os. A „ — | 


not to fall in the Circumference the Circle BC. 
ns drawn, this will be, 
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| PROB. IV. PRO f. xx. 
| To deſcribe a great Circle through two 


| Poin's given, in the Superficies of 4 
Sphere. 


LE there be given the two Points A, B, in a ſpherical i 
duperficies, thro' which a great Circle is required to Fg. 29. 
be drawn. Now if the Points A, B, are diametrically 
oppolite, it is certain that an infinite number of great 
ircles may be deſcribed thro' them, w2z. in drawing an 
infinite number of Plans thro' the Diameter conne&ing 
theſe two Points. Bur if the Points A, B, are not in 
the Diameter of the Sphere, deſcribe the Circle CD, 
? from the Pole A, and with a Diſtance equal to the Side 
ok a Square inſcribed in a great Circle, (a) which will (0 17. of 
dea great Circle, ſince the right Line draun fiom the Pole hi. 
As, to its Circumference, is equal to the Side of the in- 
ſccribed Square in a great Circle, and becauſe of the In- 
tterval, by which the Circle CD is deſcribe l. This Inter 
val is thus found. The Diameter of the Sphere being 
found, as in the preceding Prop. the Side of the Square 
 - inſcribed in a Circle deſcribed with that Diameter, will 
de the Interval ſought. Likewiſe from the Pole B, with 
tte ſame Interval, deſcribe the Circle EF, (b) which (5) 17. 4 
will alſo be a great Circle. Let this cut the firſt in the b. 
Point G, from which draw the right Lines GA, GB; 
each of which from Conſtruction, will be equal to the 
Side of an inſcribed Square in a great Circle. For with 
ſuch an Interval are the Circles CD, EF, deſcribed. 
Therefore GA, GB, are 1 Now from the Pole G, 
and with the Interval GA, let there be deſcribed the 1 
Se of he Pie, FD vil ll . dez 8880 
th ies of the Sphere, (d) it wil in the 4) Schol. 
Circumference of the Girde AEDFCB. And accor- by of ibis. 
; Cingly the deſcribd Circle AEDFCB, will be a great © 
one paſſing thro* the two given Points A, B, in the Su- 
| perficiesof the Sphere. Q E. D. 1 
| 9 PROB- 


32 
'PROB. v. PROP. XXI. 


To find the Pole of any givenCircle in a Sphere. | 
Fig. 30. LET the Pole of the given Circle AB, be required, 


which, firſt, let not be a great one. Having aſſu- 


31. 
— the two Points C, D, any where in the Circum- 


(a) 30 


Circle AEB; whoſe Arc AEB biſe& i in the Point 


=! the Ce of the Gare 
of the Circle AB. In the ſame manner, if 


F r 
in half in G12 
drant, will be the ide of 2 
Circle AB; as is manifeſt from Prop. 6. lib. 4. Buclid. 


erence, (a) divide the Arcs CAD, CBD, in half, in 
4 II which let there be deſeribd T3 


= (d) and | 
— that 
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Arc AFB, * F will be the other Fele of | 


a Qua- 4 
. — the great 


Therefore, from the Pole G, and with the Ukance GA 


Lo 


icle AB. For becauſe the great Cirde ACB, paſſes 


| Cf) Schol. re G, the Pole of the great Circle AEB; (H AEB 


34. of chis. All _— s thro' the +. had the Circle ACB. 
Point E, equally remote from the Cir- 


t.) 17. of deſcribe the Circle AEB, (e) which will be a great one. 
this. biſe& the Arc AEB, in E. I ſay E is the Pole of 


* of the Circle at, is the Pole of the Cir- | 


cle ACB. In the fame manner, dividing the Arc AFB, 
Scl. & f 15 * che other Pole of the Circle 


CB. & E. F. 


SCH O- 


B 
= 
. 
1 
. 


v oP 0 WW. vey” 
» * 2 * a. 


»* 


2 y WF Wag FART LT LL I 


1 


BK This auſe the Squ Squares of the 


OS BAS. SA. LA a. > HE. A 


; 
. 


Ger BE, het 


{ AD, 42 AFP. 71 


Gill be aca, * 
the Grcle BC; (d) and accordinly the right Line G4, % 
drawn from the Center G, 


Book I. The Sphericks of Theodoſius. 
$SCHOLIUM. 
The * Theorems are demonſtrated in the 


If there be taken any Point, in the Super- 


ficies of a Sphere, and from the ſame to the 


Circumference of any given Circle in the Sphere 
there are drawn more than two equal right 
Lines: The aforeſaid aſſumed Point is the Pole 
of that Circle. 


Let A be the Print affumed in the Super fcie 7 Fig. & 
rom which tothe C ence of the 
fall more than two right Lines, as 
A is the Pole of the Circle ; IF n. on 
(a) For draw from A, to the Plan of the Circle BC, the © 
icular AG, and j the right Lines DG, — 9 
FG; then, from Def. 3- lib. 12. Fuclid, al! the three 
angles at ©, will be right ones. (5) Wherefore the (6) 47. 1 
"Rt; 7s to the Squares of AG, GD; 
2 to the Squares of AG, GE, and &c 
al rioht Lines 


2 AE, AF. are I; alſo the Squares 
together will be * to the 4 1 WE 
79 — alſo to the Squares of AG, GF, ' together”; _— 
of t - king away t —— Square of the right 
x = the remaining the right Lines 
E, GE, and conſe h alſo the ſail Lines, (0) 
(c) Therefore G will be the Center 795 ba 


iculay to the Gb” 


BC, falls in the Pole of that Circle. Therefore the 
— ir the Fole of th Circle BC. 


II. 
Circles in 2 Sphere, from whoſe Poles to their 


Circumferences are drawn equal right Lines, 


are equal, And _ Lines drawn from the 
Poles 


Which was Pro- 


| 34 The Spbericks of Theodoſius. Book I. 
; Poles of equal Circles, to their Circumferen- 
| | ces, Are equal. 1 


| Fig. 33. In the Sphere ABCDEF, Iet there be two Grelts, a 
ji BF, CE, from whoſe Poles A, D, the right E A 
| No DE. drawn to their Circumferences, are e _ 
(a) 1. Circles BF, CE, are equal. (a) For 1 112 
drawn the Perpendiculars AH, Dl, from the Poles 4, 
| () 9. of D, to the Plans of the Circles, (b) which will Fal in | 
chis.s their Centers, H. 1, and from "thence in the 
(5) 10. of | other Poles, (c) and ſo inG, the Center of the Sphere 
u. > Therefore drawn the Semidiameters FG, EG, 
i | of the Sphere, and the Semndiameters FH, El, of the 
1 Qrcles; becauſe the Sides AG, GF, are al to the 
l -:- +2 - DG, GE, and the Baſe AF fo "the Ba e DE, the} 
| (4)8. 1. Angles AGE, DGE, (4) will be equal. But the An- 
gles H, 1, from Def. 3. lib, 11. Euclid. Are right 


9 Angles: Alſo t fide FG is e 

EG: (e) ) The ore as the Coy peg gu 
FB 5 will be e hy the Circles 
18 are equa Ane was the thing firſt wy] ? 


Nam let the Circles BF, CE, be —_— 


(#)26. x. 


Jones 4 are c 

ftrufed, tbe 

of aud the Gela, equally diſ ant — the C 
vi of the Sphere. " the Perpendiculars GH, 
will be equal; and conſequently the Lines AH, | 
will be equal. Therefore 3 the Sides AH, 
are od Py Sides DI, IE, and contain the e 


Ang les I, as being right ones, 


Which was the ſecond thing propoſed. 


omnes. e EGI, have iu 


60 4 1. 41. Each. D the Baſes AF, DE, will be equal. | 


8. | 


RO RSS STE TERS PETERS käse 


Fe 1 Arn 


be a great one, becauſe it thro the Center of the 


+ 
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THEO. XVI. PROP. XXII. 


If a right Line drawn thro the Center of 2 
Sphere, cuts another Line not drawn thro 
the Center, in balf, it will be at right An- 
gles to it. And if it cuts it at right An- 

 gles, it alſo hiſects it. Hg : 

T ET theright Line AB, drawn thro' the Center A, Fig. 34: 

oa She, biſe& the Line CD, ave drawn * Fig. 34 

the Center, in the Point B. I fay it cuts CD at right 

Angles. For 2 Plan being drawn thro the right Lines (4) 1. of 

AB, CD, (a) making the Circle CD, (b) (which _ 5 

of 


TN 


) becauſe the right Line AB, in the Circle CD, bis. 
paſſing thro its Center A, biſect; the right Line CD 


not > chro the Center, in B, (c) it will cut it at () 3 3. 


right Angles. And if it cuts it at right Angles, it will 


ien it. QED. 


scholiun 


| There is bere added in the Greek Verſion another 


Theorem, which ts altogether the ſame, as 1s demonſtra- 
ted in the 7th. Prop. Therefore it is needleſs here to 
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TO0O0Fz 7... . ""Y 
DEFINITION. 
ihrs e are fd] 


to mutually tonch one another, 
when the common Section of 


1 | their Plans touches each Cir- | 


| 

| 1 L 
| For becauſe a right Line touching 
| any Circle in a Sphere, made * ol the Superficies 
| 


of the Sphere in the ſame Point in mbich it touches the | 
 CGrele (for if it did not touch it, but cut it, it would | 
alſo neceſſarilj cut the Crrcle, becauſe it is in its Nan, 
and connect. two Points in the Superfictes of the Sphere, 
Viz. in which it is ſaid to cut it; which two Points alſo © 
are in the Circumf-rence of the Circle; ſince the Plan 


- ͤ—ä— — — 


of the Greleis drown thrs that Line, ond accordinghyis | 
i 


* 


„„ wo 0; 


ches each Circle, have only that 


that Circles are mu tually ſaid to Rab, one another 
in 48 — when their common SEG _ each 


Poralle] Circles i in a Sphere, have the ſame Poles 


SETS | A E. D. 
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cut by it in thoſe two Points.) From thence it is that the 

Gircumferences of two: Circles, the common Section of 

which (to wit which their Plans E e. make) tou- 
in which it tou- 

ches the Sphere, common : Becauſe m that Foint, and 

n other, the aforeſaid conmon Section can touch both 


E 


Grclus; fence that all the other Points it, are with» 


out the Super ficies of the Sphere, and ſo without each 
Gral.  Thereſore Theodoſius has rightly defined, 


THEO I. PROP.IL 


LET there be the Parallel Circles BF, GE, in the 
ne A J fay they have the 3 
(% Err e D be the Foles of the Clicle BE, 

and the —- ne AD, (b) will be (a) 25. f. 
to the Circle BF, and will paſs thro the Center of the I. 
Sphere. Therefore becauſe the ri zht Line Ai is pe- ig. 35 
pendicularto the CiucleBF, (c) itwillbe alſo perpendicular 9) 10: 1. 
to the parallel Circle CE. Whence ſince it paſſesthro' the 

. of the Sphere, as has been ſhewn ; (4) it falls in ( Schol. 


the Poles of the Circle CE. Therefore A, D are . 04 


Poles of the Circle CE. But they 


' THEO. Il. PROP. u. 


qr, in 4 Sphere, . which have the ſane 


Poles, are parallel. 


JN the ha Figure, let the Circles BE, GE, tave de | 
ſame Poles : Non I fay they are parallel. For having 

drawa the right Line AD, (a) this will n 
this, 


(b) 14. 11. lar to both the Circles. (b) Wherefore the Plans of the 
Circles will be parallel. Q, E. D. 


SCHOLIUM. 


the other Verſion. 


Sphere, Equal, and Parallel. 


Fig. 36. In Sphere let there be, if poſſi 

two Greks yoke? and arallel, viz. the three AB, CD, 
(c) 1. of EF(c) which will havet fame Putes. 
this Polesbe G, H. and drawthe right Line GH, (d) which 


WB _ 5. 1- aſs tirs', the Center of the Sphere,and t * 


at Circle 


| 1s Go ers of the Gircles, and alſo will be 
* | lar to the Circles AB, CD, EF. Therefore becauſe the 
WY G@6G.1 . 54M CD, EF, are equal, they (e) will be - 
wo - : the Center 1, of the Sphere. Whence, 
i 2 4. Ab. 1. of this, the f s IK, IL, 
1'' = will be equal, to wit, the Part ILy ud th Whole 
—_  :-: IM': which is abfurd. Q 1 | 
[ ” = ſes ; 0 — 
1 1 . = 
i If two Circles in a Sphere, cut in the ſame | 
WR Point, the Circumference of a great Circle, 
14 2. ing thro? their Poles, 4 Circles will 
2 
= ET the ee Gude AB, AC, cut in the Point A; 
| LI. 
bf | e of the Cirele ABC, pafling N 
Fig * wa» their Poles. In the Ele AB, AC, mutually 
ll touch one another in the Point A. becauſe the 


ARC, paſſes thro' the Poles of the Circles 


222 i. Therefore the common Sections ef the Circle ABC, and 


„ „% „% %% ... 
* „ K 
* * 3 
- 
1 2 


o 
— — — — 
* — 2 = 
—— — 
- 


38 The Spbericks of Theodoſius. Book II. 


Tb following Theorem is likewiſe — in 
There are not more than two Circles i in a | 


le, 3 


AC, (a) it will biſect them at right Angles. 
the Circles AB, AC, 3 AC, * 


Therefere let their 2 


ws 5th 


cle ABC, 
Diameters AB, AC, ce) Cor 
Ib. 11. Euclid. (c) Wherefore DE, touches both the 2 3. ; 


b- = 
 finition of this Book, the Circles AB, AC, mutually 
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be the Diameters of the Circles AB, AC. Let alſo the 


common Section of the Plans, in which are the Circles 
AB, AC, be the right Line DE, which will paſs thro' 


the Point A, becauſe the Plans are ſup ſed to cut the 


Circle ABC, in A. Now fince the of the Circle 
ABC, has heen proved to be at right Angles to the 
Plans of the Circles AB, AC, the Plans of the Cir- 
cles AB, AC, will be likewiſe at right Angles to the 
Circle ABC; (b) and therefore DE, their common (#) 19-17 
Section, will be perpendicular to the Plan of the Cir- 

whence alſo it will be perpendicular to the 
AC, in the fame Plan, from Def. 3. 


Circles AB, AC, in A; and accordingly the De- 


touch one another in the Point A. Q, E. D. 


THEO. IV. PROP. IV. 


If two Circles in a Sphere mutually touch 


each other, a great Circle drawn thro 
their Poles, will paſs this their Point of 
Contact. ö = 


LEI the Circles AB, CB, in a Sphere, mutually Fig. 38. 


touch each other in B; and thro' D., the Pole of 
the Circle AB, and E, the Pole of the Circle CB, let 
there be (a) deſcrib'd the great Circle DE.I ſay the Circle (4) 20. 1. 
DE, paſſes thro' the Point of Contact B. For if it of his. 
does not paſs thro B the Point of Contact, letiit cut the 


| Circumference, for Example, of the Circle CB, in F. 


© = 3 


Now from the Pole D, and with the diftance DF, de- 
ſcribe the Circle FG, which becauſe it is deſcribd with a 


; 8 diſtance, than the Circle AB is, it will cut the 


Circle CB, in F. But becauſe the two Circles BF, GF, 
in a Sphere, cut in the ſame Point E, the great Circle 
DEF, deſcribed thro their Poles, the two Circles GE 00 3. of 
en et 

mutually cut one another in F. ich is 1 
rud. Q. E. D. IHEO- 
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THEO. v. PROP. v. 


If two Circles in a mutually couch one 
another, a great Circle deſerib'd thro* the 
Poles of one of them, and their Point of | 
Contact, will alſo. paſs thro the Poles of 
tbe other Circle. 


ET the two Circles AB, CB , in N mutually 
touch one another in B, and let |) be their Poles. | 
Circle deſcrib d tho D, the Fole of the 
oint of Contact B, alſo paſſes 
e Cixcle CB. For if it can be, 
thro ſome other Point E, and 
Circle, Now having (2) deſcrib- 
DE, thro the Poles D, E, (b) 
. ill paſs thro the Point of Contact, the two | 
7 2 of — DBF, DBE, will mutually (c) biſect one 
| another in D, B. Therefore each Arc DB, will be a 
| — But becauſe a a great Circle paſſing thro one 
| (4) Cor. of the Poles of any Circle in a Sphere, alſo (d) paſſes | 
4 f thro the other Pole; and there is a Semicircle of a great 
* Circle interpoſed between the two Poles; it is manifeſt, , 
that D one of the Poles, of the Circle AB, the J 
Point B will be the other pole: which is abſurd. For B E 
is in the Circumference of the Circle, Wherefore the | 
great Circle E hrags E. Q.E. D. ' 


THEO. vi. PROP. R 75 


if a great Circle in a Sphere touc be⸗ th 
_ Circle deſcrib'd in it's Suberſicies, the ſaid. 
great Circle may alſo touch * Circle 
equal and parallel to it. 


Fig. 45 LET the great Circle AB, in a Sphere, touch the Cir- 


de AC in A. I IG may alſo touch 
another 


G + 44 cio out * 


BY, 8 & 


OO WAY RAP AOWwWwT RY Za WW 


the great Circle ACB. 


41 
be the Pole of the Circle AC: (a) And thro D, A, de- ( 20. I. 


ſcribe the great Circle DA: Which, becauſe it paſies thro 
D, the Pole of the Circle and the Point of Con-(// *. 
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another Circle, equal and parallel to AC. For let D 


tan A, (5) will alſo paſs thro the Poles of the Circle 


AB. And aſſuming E, the other Pole of the Circle AC, TY. 
draw the right Line DE, (c) which will paſs thro the; fe * 


Center of the Sphere. And therefore will be a Diame- 


ter of the Sphere. Now from the Pole E, and with the 


diſtance EB, deſcribe the Circles BF. I ſay the great 
Circle AB, likewiſe touches the Circle BF in B, and 


the Circle BF, is equal and parallel to the Circle AC. (4) 10. 1. 


For becauſe the right Line DE, (d) paſſing thro the Poles , 2h. 


of the Circles AC, BE, is perpendicular to thofe Cir- = 
cles. (+) The Circles AC, BE, will be parallel. (0 7+ 1. 
Again, becauſe great Circles in a Sphere mutually biſe F ah 
each other, ACB, will be a Semicircle; and ſo equal to * 
the Semicircle DCE. Therefore the common Arc BD, 


being taken away, there will remain the equal Arcs DA, 


EB; (g) and therefore right Lines DA, drawn from (g) 29. 3. 
the Poles D, E, to the Circumferences of the Circles AC, 
BF, will be equal. () Wherefore the Circles AC, BE, (+) Schol. 
are equal. Finally, becauſe the Circles AB, BF, cut the !- 1. f 
* Circle AFB, in which are their Poles, in the Point“ . 
(*) they will mutually touch one another in the ſaid 9 * f 
Point B. Wherefore the great Circle AB, tou hing the 
Circle AC, in a Sphere, alſo touches the Circle BF, e- 
qual and parallel to AC. Q. E. D. 


co OLAT 
From hence it is manifeſt, thay the Points of Contact, 


A, B, are diametiically oppoſite. For it has been proved 


that ACB, is a Semicircle, and accordingly a right Line 
drawn from A to B, is a Diameter of the Sphete, or of 


G THEO- 
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THEO. vn. PROP. VI. 


of chem, will likewiſe touch the other. 


Circles, AC, BF, and let the great Circle AB. | touch 

the Cincle AC I fay AB, alſo touches BF. For if AB, 
2 7 does not touch BF, (a) let it touch ſome other Circle 
equal and parallel to AC. Therefore fince BF, alſo is 
* to AC, and parallel, there will be three Circles in 
chere, vix. AC, "BE, and that other which AB, touches 
ual between themſelves, and parallel. Which is ab- 


2. of this 


— — Q. E. D. 
SCHOLIUM. 


Verſion. 


1 Won 
1 — Circle touches, are equal betwen them- 
elves. 


. Still in the laſt Figure, let there be two parallel 
Fl Circles AC, BF, which the great Circle AB, touches in 
. A, B. 77. the Circles AC, BE, og al to each - 


ther. For becauſe th: Circles AC, god ofe fed 
(c) 1. of — (c) they will have the ſame mf 4 w 


2 i there be deſcrib'd the great Circle AFB, e) which 
(% 4. of will paſs thro' the Points of Contact A, B. But be- 
this. Cauſe great Circles of a Sphere enutually biſe# each 
other, ADB will be a Suncercle, and therefore equal 

to the Semicircle DBE. Wherefore taking away the 

common Arc DB, there will remain the Arcs DA, EB, 

f 29. 3+ equal; (F) and according rigůt Lines DB, EB, 72 
rom 


If there are in a Sphere two equel and pa- 
rallel Circles: a great Circle, touching one 


JNthe laſt Figue ure let there be two equal and parallel 


The fe lowing Theorem 7s demonfrated in the ather | 


thi. D, E; (d) thro which and the Poles of the Gr 42 
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(5) * 2 (b) For there can be but two Circles, equal, and 


q 


Ah $o 


— 


Err 


rr 


LET 


do eg (inder and panalleltoCD., (e) Fer le 


q 


«<4 Þ> 12 
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von the Polzs D, E, to the Circumferences of the Gir- 


* 47, BF will he equal, (z) Wherefore the Circles AC, (d) Schol. 
BF, will be equal. 2. E. D. 21. 1. 


this. 


— — = ä R 2 * . 
nnn — CR * 


THEO. VIII. PROP. VIII. 


IF a great Cirele in a Sphere be oblique fo 
ſome other Circle of the Spbere, it may 
crouch two Circles, equal to one another, 


and parallel to the afore ſaid Circle to which 
7 it is obl; yore 


the great Circle AB, ina | Sul, be oblique to Fig. 41. 

any Circle, de asCD- I ſay the Circle AB, maytouch 

let E, E, 4) 21. r. 

be the Poles of the Circle CD, (5) thro' which — the of this. 

Poles of the Circle AB, ler the great Circle EAB, be de- (5) 20. f. 
cutting AB, in A, B. Moreover from the Pole E. T this 


ſcribed, 
and with the diſtance EA, let the Circle AG be deſcribed. 


Then becauſe the Circles AB, AG, cut the great Circle 
EAB, in which are their Poles, in the Point A, ©) they 2 . of 
will mutually touch one another in the ſaid Point A. hi. 
Therefore the great Circle AB, touching the Circle, le, AG 

(4) may touch another equal and parallel ro it, which (4) 6. of 
let be BH. But becauſe the parallel Circles AG BH, C 
have the ſame Poles, EF: And E, F are likewiſe the |,;. 7 
Poles of the Circle e the three Circles AG, CD, BH, 

will have the ſame Poles: (f) and. therefore "they will O) 2. of 


| be parallel between themſelves. Wherefore the gteat h. 


Circle AB, touches the two Circles AG, BH, equal be- 


| tween themſelves, and parallel to CD, which is obli- 
que to the great Cirele. Q. E. D. 


SCHOLIUM 
This Theorem is here added, in the other Verſion. 


If a great Circle i in a Ta , touches ſome Cir- 
cle in the ſame, it will ——— to thoſe 1 4 i 
cles 


cles it cuts, which are parallel to the Circle 
it touches. 


In the laſt Figure, Iet the great Circle AB, touch the 


Circle A, but cut the Grrcle CD, parallel to AG. 1 
ay the Gircle AB, is oblique to the Circle CD. For be- 
cauſe the great Grrele AB, touching the Circle AG, does 
not paſs thro' its Poles (for if it ſhould paſs thro 
(a) 15. I. it. Poles, it (a) would biſe of and not touch it.) And 
of thi. therefore 2 thro the Poles of the Circle CD; (b) 
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ind (for the parallel Creeles 4G, CD, havethe ſame Poles) | 


Grd _- AB, will not cut the Gircle CD, at 
(e) T3. . P 

7 bs. . it is oblique to the Grcle CD. . Which was 
propoſed. 


F) 


— 


HE O R. PRO f. N. 


If eo Circles in a 


Sphere mutually cut one 


- another, a great Circle drawn tho their 

* Poles, 1001 ba % the * of thoſe : 

. 
Det] E I the ti ACD „EDPg, in a "RIFE mutu- 
of this. ally cur one another, in the Points B, D, and ah) let 


G IE the Circle AFCE, biſects the Segments BM, CD 
3- EP, BFD. (b) For becauſe the great Circle AFC 
biſeQs the Circles A CD, EDERB, at right Angles, as 


of this. 


being drawn thro their Poles, the common Sections 
AC, EF, which it makes with them, will be their Di- 


ameters er ſling one another in G. For the right Lines 


AC, EF mutuilly interſect each other, — they are 


doth in the Elan of the Circle AFCE, and the Point E 
is between the Points A, C; and the Point E, between the 
ſame Points, Now draw the right Lines BG, DG; thenthe 


three Points B, G, D D, vill bein the Plansof both the 
Circles 


©" 


(e Otherwiſe it paſſes thro' its Poles. | 


there be deſerib d thro' their Poles the great Circle AR 
CE, cutting the faid Circles, in the Points A, Q. N 


r „ r —_— 7 


Q . oh oe: e { Hy 


ß ai _ oc. .. af... 


' 
' 
. 
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Circles ACD, EDFB ;and ſo in their common Section: 

) ut their common Section is a right Line. There- (c) 3. 11. 
le BGD, will be a right Line. And becauſe the Cir- 
cle AFCE, has been proved to cut both the Circles ACD 


EO PB, at right Angles; both theſe Circles will reci- 


be at right Angles to the Circe AFCE, () (d) ꝛ9. 11. 


B — therefore BD, their common Section will be perpend- 


dicular to the ſame, VVherefore the Angles BGA, 
LGa, BGC, DCC, will be right ones, from Def. 3. 


hb. 11. Euclid. V Vherefore ſince the Diimeter AC, 


thro' the Center of the Circle ABCD, and cues 
the right Line BD at right Angles, it (-) will bi- (e) 3. 3. 
ſe& it. There ore becauſe the Sides AG, GB, are e- 
qual to the Sides AC, GD, and contain equal Angles, 


namely right ones, (F) the Baſes A, AD, ſubtending (/ 4. 1. 


the Arcs AB, AD, will be equal, (6) and fo likewiſe(g) 28. 3. 
the Arc's AB, AD. In the ſame manner we demon- 
ftrare, that the Arc's (B, CD, are equal; as alſo the 


Arcs EB, ED; and PR FD. Therefore the Circle 


N the Segments BAD, BCD, BED, BFD. 
Q. E. P. * 


SCHOLIUM. 


Shaw ws here added; in the ether N beſe 
two other Theorems, viz. 5 | _ 


If Circles in a Sphere mutually cut one an- 
other; ſome other Circle, biſecting their 
Segments, will paſs thro' their Poles, and be a 


great Circle. 


bn the loft Figure, let the two Circles ABCD, EDFB, 
mutually cut ons anther in the Points B, D, and let 


_ enather Circle, as AFCE, biſect the Segments BAD» 
BCD, BED, BFD. I ſay the Circle AFC, es thro 


their Poles, and is a great Circle. For ſe the 
Arc's AD, AB, are equal, as alſo CD, CB ; the whole 
Arc's ADC, ABC, will be equal, and accordingly Se- 
micircles. And in the ſame manner EDF EINE will 
be Semicircles. Therefore the Circle AFCE, hiſt 
_ t 


46 
the Gircles ABCD,EDFB, and ſo the common Sec ions AC, 


EF, interſe ting each other in G, are their Diameters, | 
Now the right ** BG, DG, "being drawn, becauſe 


the three Pots B, G, D, are in both the Plans of the 
Circles ABCD, zbrb.: and ſo in their common Seien, 
(a) 3. = which will be a right Lins, BGD is a right Line, 
(6) 29. 3 becauſe the right Lines DA, DC, are equal to the 


right Lines BA, BC, becauſe of the equal Arc, and 


c) 21. 3. contain equal les, (e) to wit, right ones, as bz: 2 

( 4. 1. in Semicircles; (d the Anples DAC,BAC, will be eg 

Which likewiſe may be thus proved Becauſe the S:des 
2 are equal to tho Ode BA, AC, 


8 

equal. 427 ' becauſe thy Sides AD, 

2 e 1 
a s s been 2 s 

4 h 4 2 EL 3 will be equal, * accordingly rig ht ones, 

Therefore is 


manner, it may 


the ſaid BGD, will be perpendicular to the Plan of the 
Gircle AFCE, drawn ts the right Lines 40 K F; 


8. 11. (0 and accordingly both the Plans of the Circles ABCD, 1 
EDFB, drawn thro the right Lins BGD, will be 


at rigit Angles to the Plan of the Circle "AFCE : 


Whence reciprocally the Circle AFCE, ts at right An- 

gles to th: Circles ABCD, EDFB. Therefore the Cir- 

cle AFCE, will biſett the Grcles ABCD, EDFB, at 
right Angles. (i) Wherefore it will be a great Gircle 


you 2 paſs through * Folens which was * 


** n. 


If two Circles i in a Sphere mutually biſe& each 


other, a great Circle biſecting any two of their 
Segments, not having the Arc interpoſed be- 
tween thoſe Segments, equal to a Semicirele ; 
will paſs thro' their * and * the two 0 


ther Segments. 


. Let the two Circles A 
ane another in the Point 


Fig. 43. 
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and the © 


5 to AC. In the ſame 
00 4 11. Line BGD, it perpmidicular to EF. (gp) Wherefore © 


AFCD, EBFD, outually interſe#t 
D; and let the 6 — _- | 


BAD, BED, in 


| ments of them will be biſe#ed. Q E DP. 


rr h ðWQ EE A GG I ok do I Is LI 4 
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cle AFCE, cut two Segments them, to wit, 

batf in the Point. 4% ſo that the Arc 

ed between the ſaid Se s be nat 
circle. 1 ſay the Circle AFCE, paſſes through 

the Poles of the Circles ACD, EBFD, and cuts the o- 

ther Segments BCD, BFD, m _ For if the Circle 

ACE. tes not paſs through their s, let there be de- 


I 


| ſcribed, if polſ le, another great Circle, as AGE, 


through their Poles, (a) which wil biſeft their Seg- %% T 
ments ; and ſo will paſs through the Points A, E. (b) (b) LY 
ore the great Circles AFCD, AGE, will cut each of this. 


other in half in A, E: and accordingly AFCE, will be 


a Semicircle : Which ts contrary to the Hypotheſis. 

Therefore the Circle AFCE, paſſes through the Foles 7 

the Circles ABCD, EBFD. (c. Wherefore all the Seg-(,) 9. if 
this. 


1 


THEO. x. PROP. x. 


great Circles in a Sphere are deſcribed thro” 
the Poles of parallel Circles; the Arc's of 
the parallel Circles, intercepted between the 
great Circles, are fimilar , and the Arcs 
of the great Circles intercepted between the 
parallel Circles, are equal. 


] ET there be in a Sphere, the two lel Circles x; , 
*- ABCD, EFGH, fthe Pole of oy yu (a) (for 002 A 
parallel Circles have the ſame Poles.) And thio' I, 267. 
any how deſcribe the great Circles AEIGC, BFIHD. 
I fay the Ares of the parallels AB, EF, are ſimilar, as 


| allo BC, FG; likewiſe CD, Gti; and DA, HE: But 


the Ares of the great Circles viz. AE, BF, CG, DH 
being between the parallels, are equal. For let thecom- 


mon Sections of the Circle AIC, and the Parallels be the 


right Lines AC, EG, (b) which will be parallel; and (6) 16. 17, 
the common Sections of the Circle BID, and the ſame 
Parallels, let be the right Lines BD, FH, which like- 
wiſe will be parallel, Then becauſe the great Chap 
Wo, 
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AIC, BID, deſcribed through the Poles of the Parallels, 
c) 15. 1. (c) biſect the ſaid Parallels; AC, BD, will be Diame 
of this. ters of the Circle ABC, and the Point L, wherein 
| they, interſect will be the Center of the ſame There 
fore becauſe the right Lines EK, KF, are parallel to the 
(4) 10. 11, right Lines AL, LB, and are in different Plans, (d) 
| the Angles EKF, ALB, at the Centers K, L, will be e. 
qual. Wherefore by Schol. Prop. 22. Ib, 3. Euchd, 
they will be ſimilar. And in the ſame manner, will! 
BC, FG; and CD, GH : as alſo DA, HE, be ſimilat, 
Again, becauſe right Lines drawn from I, to A, 1 
(e) 28. 3. C, * are equal; (e) the Arcs TA, IB, IC, ID, will} 
be equal: And fo likewiſe will IE, IF, 1G, IH. There 
fore the remaining Arc's AE, BF, CG, will be 


THEO. XI. PROP. Xl. 


If equal Segments of Circles are erected at 
right Angles, on the Diameters of equal Cir- 
cles, in the Circumferences of which Seg- 
ments, are aſſumed equal Arc's, each f 
wobich, reckoning from the Extremity of iti 
Segment, is leſſer than half the Circumfe- 
rence of the who/e Segment; and if from. 
the Points terminating the aforeſaid equal 
Arc's, are drawn equal right Lines to the 
Circumferences of the equal Circles, the. 
Arc's of the ſaid Circles, intercepted between 
Thoſe right Lines, and the Extremities of | 
their Diameters, will be equal. 


4 T ET the equal Segments ACC, DHF, be at right An- 
| Fig 45 L gles on rhe Diameters 9 DE, of the — Cir- 
cles ABC, DEF; and aſſume the equal Arcs AG, 
DH, fo that the Points G, H, may not cut the f 

ments MC, DHF, yin half, Laflly, » N 


. CG, FH. will be equal; (c) and accordingly the 1 


equnʒ (B) and accordingly the Arcs AB DE, will be equal. 
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Lines GB, HF, fall on the Circumferences of the 

equal Circles ABC, DTF. I fy the Arcs AB, DE, 
are equal. (2) For draw from G, H, the right Lines Gl, (4011. Tr. 
perpendicular to the Plans of the Circles ABC, 


DEE, () which will fall in the Po ts I, K, of the (#38. 11. 


common Sections AC, DF. Likewiſe having aſſumed 
the Centers L, M, of the Circles ABC, DEF, draw the 
right Lines BI, AG; ME, EK, DH; and firſt, 
Jet the Points I, K, fall, in the Semidiameters AL, 
DM. Therefore becauſe the Arc's ACC. DHF, are e- 
ual, and alfo the Arc's AG, DH; likewiſe the Arc's 
eier (c)27. 3. 


GAC, HDF ſtanding upon them, are equal. 
Angles AIG, DKH, 22 equal, as being right ones, 
from Def. 3. Ab. 11. Euclid. Therefore the two 
Triangles AIG, DKH, have the two Angles GAL, AIG, 
equal to the two Angles HDR, DKH. Cd) They have (4) 29. 3. 


likewiſe the Side AG, equal to the Side DH (becauſe of 


the equality of the Arcs AG, DH.) Therefore (e) the (.) 26. f. 


Side Al, will be equal to the Side DK, and the Side Dl, 


do the Side HK. But becauſe the Angles GIB. HKE ar 
to e e ng B, Neos 


richt ones, from Def. 3. 11. Euclid, (F) the Squares 


of GB, HE; which are equal to one another (becauſe 


of the equality of the right Lines GB, HE) will be e- 
ual to the Squares of Gr. IB, and of HK, KF. There- 
ore taking away the equal _ of rhe equal right 

Lines Gl, HK, rhe Squares of the rizht Lines IB, KE, 

will remain equal; and fo the right Lines IR, are 

equal. And becauſe the Semidiameters AL, DM, of e- 

qual Circles, are equal: and Al, DK, have been proved 

to be equal, likewiſe IL, KM, will be equal. Where 

fore the Sides IL, LB, will be equal to the Sides KM, 

ME: But the Baſes IB, KE, have been proved equal. 

(2) Therefore the Angles L, M, at the Centers, will be [ )8. 1. 

) 26. 3. 

let the Points I, K, fall in the Semidi- Fig. 47. 

ameters LA, MD, produced towards A, D: Which 48. 

may happen, when the Segments AGC, DHF, are 

greater a Semicircle ; and make the ſame Conſtruc- 

tion, as before. (7) We demonſtrate, as at firſt, that the () 2). 3. 

Angles GAC, HDE, are equal; and accordingly ) be- (4) — 

cauſe, as well GAC, _ HDF, HDR, are equal to © 

wo 
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two right Angles; GAT, HDK, will be equal. And | 
therefore becauſe the Angles at I, K, are equal, 22, | 

(1)29.3. right ones, (J) and the Sides GA, HD, equal, (becauſe 
(n) 26. 1. of the equal Arcs AG, DH.) The (n) right Ling 
l, IA, will be equal to HK, KD, as before; and ac f 
) 47. 1. cordingly IL, KM, will be equal. (n) Therefore, as 
e) 8. 1. at firſt, the right Lines IB, KE, are equal, (o) and the | 
(p)26. 3- Angles LM, Cp) and finally the Arcs, AB, DE. 
Fig. 49 Thirdly, Let the Perpendiculars, drawn from C, H, 
5. to the Plans of the Circles ABC, DEF, fall in the 
Points A, D, which may alſo happen when the Seg- | 
ments ACC, DHF, are greater than a Semicircle. 
Therefore having drawn the right Lines AB, DE, the 
Angles GAB, HDE will be right ones, from Def. 3. hb. 
| : 11. Euc lid. (7 Wherefore, as at firſt, the Squares of 
(9) 47. 10 the rigat Lines GA, AB, will be equal to the Square: 
of the right Lines HD, DE: But rhe Squares of G 
HD, are equal. (r) (Becauſe GA, HD, are equal, and 
(9.3. the Arc's AG, DH) Therefore the Squares of AB, DE, 
wio.ll be equa]; and accordingly the right Lines AB, DE, 
128. 2, Are alſo equal. („) VVheretore the Arc's AB, DE, will 
6) 2%: 3. be equal. & E. D. 
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d | 

| THEO. XI. PROP. XI. 

. If equal Segments of Circles are ſet up at 
an} * right Angles on the Diameters of equal 
= Circles, in the Circumferences of which 
4 | Segments are aſſumed equal Arc s, leſſer 
„e than balf the Circumference of the Seg- 
ment. And if there are taken equal Arc's 
of in the equal Circles, beginning from the 
b. Extremities of the Diameters, on the ſame 
of Side; right Lines drawn from the Points 
4 in the Circumferences of the Segments, to 

5 * the Points in the Circumferences of the 
S ' __ Circles, will be ejual. e 


R Epeating the Figures of the laſt Propoſition, with 
the ſame Conſtructions, let the Arcs AB, DE, be 
equal. I ſay the right Lines GB, HE, are alſo equal. 
For becauſe, as in the precedent Propoſitions has been 
demonſtrated, the right Lines Al, IG, are equal to the 
right Lines DK, KH; the Lines IL, KM, will be equal. 
— Therefore becauſe IL, LB, are equal to the right Lines 
. KM, ME; and (a) contain the Angles at L, M, equal, be- (4) 27 ; 
cauſe of the equality of the Arc's AB, DE; (b) the Ba- (4) 4. * 
ſes IB, KE, will be equal. Wherefore becauſe the Sides, 
Al, IB, are equa to the Sides HK, KE and contain the | 
' <qual Angles GIB, HKE, namely right ones, from Def. (c) 4. 1. 
5 bb. 11. Euclid. (c) the Baſes GB, HE will be equal. 
VVhich was propoſed. This is eaſily demonſtrated when 
the perpendiculars drawn from G, H, to the Plans of the 
Circles ABC DEF, fall in the Points A D, as in Fg. 49. 
J. (4) For ſince the right Lines GA, AB, are equal to (d) 29. 3; 
D, DE, becauſe of che equal Arcs A, DH; AB, DE, 
and contain equal Angles, v:z. right ones. From def. 
& 7 4 Euchd, (e) the Baſes GB, HE will be equal. () 4 1. 
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IF there are parallel Circles . in a 


Fi 1. 
1 
(a) I. of 


zbs. 


(6) 11. 1. 
ef this. 


The Spheric ks of Theodoſius. Book II 
THE o. x. PROP. XIII. 


4 Sphere, 
and great Circles are deſcribed which touch 
one of the Parall:ls, and cut the others ; 
the Arc's of the Parallels intercepted between 
thoſe Semic ircles of the great Circles, that 


do not concur, will be ſimilar; and the Arc's 


of the great Circles intercepted between any 
to Parallels, will be equal. 


ET there be in a Sphere the parallel Circles AB, CDP, 


4 FuH, (a) which will have the ſame Pole, to wit 
I. And let the great Circles AFK, BHK, touch the 


Parallel AB, in the Points A, B, and cut the others in 
the Points E, C, L. M; H, E, D, G, and themſelves 
in K, N; fo that KMN, NFK ; KGN, NHK, are Se- 
micircles. (b) For great Circles mutually biſc& each o- 
ther. Alſo aſſume the Arc KP, equal ro the Arc NB, 
and KO, equal to the Arc NA, that AMO, OFA, BGP, 


_ may be alſo Semicircles. Therefore the Semicir- 
cles 


MO BHP, do not concur, becauſe they do not 
mutual'y cut one another. ( Theſe Semicircles are cut 


off from the Circles MRO, BITP, as appears in Pig. 


31. But in Fig. 52, the Circles AI, Bl, produced thro 
R, I, are ſuppoſe] to paſs thro O, P, that they may 
cut off the fame Semicircles.) In the ſame manner the 
Semicircles BGP, AFO, will not concur. Now I fay 


the Arc's of the Parallels AB, LE, MH, intercepted be- 


tween the Semicircles AMO, BHP, which do not con- 


cur, are fimilar ; as alſo the Arc's AB CD, FG, inter- 


cepted between the non-concurring Semicixcle: BGP 
AFO, are ſimilar : But the Ares of the great Circles 


AC, AL, BD, BE, are equal; as alſo the Arc's CF, LM, 


DG : whereof the former are interpoſed between 


the Parallels AB, CDE, and the Kam berween the 


Parallels CDF, FOH: and in the ſame manner are the 
Arcs AF, AM, BG, BH, intercepted between the Paul- 
iels, AB, FGH, equal. (e 
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(e) For through the Pole I, and the Points of Con- () 20. r. 
tat A, B, deſcnbe the great Circles QAIR, SBIT, cut- this. 
ting the Parallel in Q, S, V, X. Theſe great Circles (4) f. f 
(d) will alſo pa's through the Poles of the Circles AEK, 21s. 
BIK; and accordingly . :) will biſect the Segments CAL, (e) 9. of 
LBE, CVL, DXE : as alſo the Segments FAM, GBH, this. 

M, GH. (f) Beſides the ſaid Circles will cut the (/) x5. x. 
Paraliel AB, CDE, FGH, and the great Circles AEK, of 2b. 
BHK. at right Angles. The efore becauſe equal Segments | 
of Circles are at nicht Angles on the Diameters of the equal 
Circles AEK, BHK, vi. the Semicircles beginning from 
the Points A, B, and paſſing through I, until they again 
cut the Circles KEK, BHK, in the Points O, P, as in g. 
52 ; (g) and the Arcs Al, EI, are equal. becauſe from (g) 28. 3. 
the Def. of a Pole, right Lines IA, IB, are ſuch. 
which are leſſer than half the Semicircles : For becauſe 
they are half the Arc's AIR, BIT, fince from the Def. 
of a Pole, right Lines drawn from I, to the Points A,B, 
R, T, are equal, and (+) therefore alſo the Arcs are e- () 28. 3. 
qual: But the Arcs AIR, BIT, are leſſer than Semicir- : 
cles, becauſe the Semicircles tend from A,B, thro' I, to 
the Circles AFK, BHK: the Arc's Al, Bl, will be leſſer 
than half the Semicircles) and alſo right Lines IC, IE, 
equal, from the Def. of a Pole, (i) the Arc's AC, BE, () rr. er 
will be equal. But AC, is equal to AL, and BE ro thi. 
BD, (&) becauſe the Arc's CAL, DBE, are biſected, as (409. f 
has been proved. Therefore the four Arc's AC, AL, BE, “b. 2 
BD, are equal. We demonſtrate in the ſame manner, that 
the Arcs AF, AM, BG, BH, are equal: and accordingly 
alſo the other Arcs CF, LM, EH, DG, each of which 
are intercepted between two Parallels. Which was in 
the ſecond Place propoſed to be demonftnted. Le 

Again, becauſe the whole Arc's CAL, DBE, are e- 
qual, ſince their Halves are fo, as has been proved; (7) (1) 29. 3. 
Subtenſes CL, DE, will be equal, which likewiſe ſub- 
tend the Arc's CVI, DXE; (mz) and accordingly the (m) 18. 3. 
| Arc's of the Parallels CVL, DXE, will be equal. (u) (v) 9. 9 
Therefore becauſe they are biſcRed in V,X, as has been this. 
faid, their Halves will be equal, viz. the four Arc's CV, 
VL, DX, XE. If therefore the common Arc, VD, is 
| added, or taken away, as in Fig. 52, to the equal Arcs 
CV, DX, the Ars CD, VX, will be equal: (0) But (o) 10. of 
this. 


CD, will be ſimilar to the ſaid AB. By the fame way 


faid AB; as alſo the Arc's EL, HM, are fimilar to the 
ſaid AB. Which was firſt propoſed to be prc ved. 


SCHOLIUM. 


Tube non-concurring Semicircles ought to beg 
the Points of Contact A,B: Such are AMO, BHP, 
Wherefore becauſe there are two Semicircles 

Circle between the Points of Contact of two oppoſite 


rallels, the Sæmicircles of two Circles cutting one ano- 


of two Parallels, but one muſt be aſſumed towards that 
Por of Section, and the ot 
ther ſide; ſo that the Connexity of one may anſwerſfothe 


micircles AMO, DV, (afſuming the Arc KY, equal 


the Pole I, and the Points 


| | Semcircles: Becauſe 
Grcles biſeft one anot 


P R O B. I. PROP. XIV. 


a Point in its Circumference , to deſcrile 4 
great Circle thro that Point, touching the 
aid leſſer Circle, 
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the Arc VX, is fimilar to the Arc AB. Therefore 


of reaſoning it may be proved that FG, is ſimilar to the 


to bærin from [ 


of a great 


ther muſt not be aſſumed between the Points of Contath | 
declming towards the o- 


Concavity of the other, and contrariwiſe,as appears in tle 
Foreſaid two Semicarcles. For if there be taken two S. 


to DN,) not concurring the Arcs DL, GM, will t 
be ſimilar. i two gy Circles drawn through 

„L, will paſs through the ' 
Points G, M: Becauſe, from 1cth. of this, they inter- 
cept fimilar Arc i; which cannot be. For DG, LM, are 


| 


1 1th. of the firſt of this, great . 


A leſſer Circle in 4 Sphere being given, as alſo | 


Fig. cz. | ET AB, bea given leſſer Circle in a 8 here, whoſe | 
Se 33 L Pole is C; it is required to draw 3 Circle, 
thro' A, a given Point in its Cicumference, which ſhall | 

= | touch ; 


22ers I 


* —— 1 S * * a 


the two 
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In the Circle AB. (a) Deſcribe the great Circle () 2 7. 1. 
DEB thro the Pole 8 and the Point A; in which T %. 
Mame the Quadrant AD, and from the Pole D, with the 
Diſtince DA, (5) deſcribe the Circle AE, which will(#) 17. 1. 
be a great one, becauſe a Subtenſe DA, is the Side of ag hit. 
Square inſerib d in a great Circle. Now I ſiy the great 
Circle touches the Circle AB, in A. For becauſe 
ircles AB, AE, cut the Circle CAD paſſing 
thro' their Poles, in the Point, A, (-) they will mutually 

touch one another in the Point A. Q, E. P. 


t) 3.of 
this. 


— 


A leſſer Circle in 4 Spbere being given, and al- 
fo ſome Point in its Superficies, which is be- 
tween the given Circle and another equal 
and 2 to it; to deſcribe a great Cir- 
cle thro that Point, touching the given leſ- 
ſer Circle. 1 e = 


LET AB, be a given leſſer Circle in a Sphere, to F. 
— which CD is equal, and parallel, and let G be the ©'S- 54 
given Point, between the two given Circles AB, CD : It 
in required to draw tho G, a great Circle, touching the 56. 
Circle AB. Let E, E, be the Poles ofthe Parallels AB, CD, 
(a) (for Parallels have the ſame Poles) and (5) deſcribe 
| thro E, G, the great Circle EAC, which will paſs (a) 1. of 
; thro' the other Pole E (from: Coroll. of Schol. Prop, 10 %% 
bib. 1. of this) in this aſſume the Quadrant BH; and ©; 2 1 

whither the Point H, falls above D, in D, or below D, 175 
(c) proceed thus. From the Pole E, with the Diſtance l 
EH, or from the Pole F, with the Diſtance]FH, deſcribe(/) of 
the Circle El, which will be parallel to AB, CD, and be 
above CD, or the ſame as CD, or Liftly will be below 


CD, accordi as the Point H. i , 
D, or below B ie Point H, is poſited above D, in 


Again 


= a — 


* 


Moreover from the Pole G, with the Diſtance G, deſcribe 


2 17.1. / the Circle KL, (d) which will be a great one, becauſe a | 


right Line ſubtending the Quadrant GK, is equal tothe 
| Side of a Square inſcribed in a great Circle. Let 


( 1 cut the Circle Hl, in L, (e) ( for it will neceſſarily cut 
b, itt, becauſe the Point K, is below H, and does not come | 
(H cchol. fo I. (For becau'e the Parallels AB, CD, are equal ( 
21. of this. Might Li 


EA, FD, will be equal; (g and according- 
(s) 28. 3. ly the Arcs AE, DE, will be equal. Therefore adding 
the common Arc AF, the Arc's FAF, AFD, will be & 


qual; and conſequently ſince AEF, is a Semicircle be- | 


teen the Poles E, E; AFD will alſo be a Semicircle, 
(6) ro.of But Al, is a Quadrant; (%) becauſe ir is equal to the 
this, Quadrant PF ; wherefore ID will be a Quadrant; and 
accordingly I will be greater than a Quadtant. There 
fore aſſuming the Quadrant GK, the Point K, will fall 
below H, bur will not come to I. Whence the Circle 


HI, is cut by the Circle KL, ) and thro' L, E, deſcribe the 


great Circle FL, which will paſs thro the other Pole E, 


drant. Therefore from the Pol 


(1) Schol. cle NM (7) paſs thro G, the Pole of the Circle KL: 
15. 1. of and conſequently the great Circle NM, will paſs thro 
has the given Point G. Now I ſay it likewiſe touches the 


great Circle GF in the Point M, in which are their Poles, 


(an) 3. of; (n) they mutually touch one another in M. Therefgre 
this, there is deſcrib'd thro G, the great Circle GN, touch- 


- 
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Again, Aſſume the Quadrant GK, and the Point K, 
will he beyond H, becauſe GH, is leſſer than a Quadrant. 


2 Cerol. Sc hol. Prop. 10. lib. 1. F this.) and let this 
ircle FLE, cut the Circle AB in M. (i) Now the Ac 
ML, BH, of the great Circles paſſing thro E, E, the 
Poles of the Parallels, intercepted between the Farallels | 
AB, HI, are equal; and accordingly BH being a 2 
Quadrant by Conſtruction 2 will alſo be a Qua- * 
e L with the Diſtance LM, 

(&) r7. 1. deſcribe the Circle MN, (&) which will be a great ons 
this. ſince a right Line ſubtending the Quadrant LM, is equal is 

| the Side of a Square inſcribed in a great Circle. Bur 
becauſe the great Circle KL, paſſes thro L, the Fole of 
the great Circle NM, fo reciprocally will the great Cii- 


Circle in M. For becauſe the Circles AB, GN, cut the 
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ining Arcs AB, EE, will be equal, (e) and according- (e) 29. 3. 
ly alſo the right Lines AB, EF, that is, the Diameters of 
the Circles AB, EF, are equal. Therefore the Circles 
AB, EF, are likewiſe cqual. _ 

Again, let the Arc, AC, be greater than the Arc, CE. 
I fay the Circle AB, is greater than the Circle EF. 
For the ſame Conſtruction and Demonſtration being ſup- _ 
poſed, the Ars AC, BD, as at firſt, J will be equal, H 10. of 
as alſo CE, DF. Therefore ſince AC, is ſuppoſed %. 
greater than CE, the two Arc's AC, BD, together, are 

ter than the two Arcs CE, DF, together. Where- 
Fore the remaining Arc AB, taken from the Semicirele 
CABD, will be letier than the remaining Arc EF, ta- 


ken from the Semicircle CE. And accordingly alſo the 


right Line AB that iz, the Diameter of the Circle AB, 
will be leſſer than the right Line EF, that is, than the 
Diameter of the Circle EF, as is by us demonſtrated in 
Schol. Prop. 29. lib. 3. Euchd, when the Arcs AB, EF, 
are leſſer than a Semicircle, Wherefore the Circle AB, 
will be leſſer than the Circle EF, Which was propo- 

But now, let the great Circle ACEFDB, not paſs Fig. 61. 
through the Poles of the Parallels AB, CD, EF; and 
let again the Arcs AC, CE be equal. I ſay ſtill the 
Circles AR, EF, are equal. For let G, H, be the Poles | 
of the Parallels AB, CD, EE, g) and deſcribe through G, (£) 20. 1. 
H, and the Poles of the great Circle ACEFDB, the of 6. 
great Circle GIrIK, (5) which will cut the Cir:le ACE 7 Ty 1. 
FDB, in two Points, as I, K, at right Angles. There- 
fore bec1 uſe the great Circle GIHK, paſſes through the 
© Polesof the great Circ'es ACEFDRB, CD, from Con- 5 
ſmruckion, theſe (i) will reciprocally paſs through the“ Schol. 
+ Poles of that, \Wherefore the Points C, D, wherein 1 * 
theſe two Ci: cles interſect each other, will be the Poles 
of the Circle, GIHK; (for otherwiſe both the Circles 
ACEED, CD, will not paſs through the Poles of the 
Circle ! GIHK) and accordingly the right Lines CI, 
CK, (from the Def of a Pole) will be equal, and (4) 00 28.3 
fo the Arcs CI, CK, will be equal. But the Arcs AC, 8 
CE, by the Hypotheſis are alſo equal. Therefore the 
remaining Arcs Al, EK, will likewiſe be equal. A- 
gain, becauſe the Scmicircle IGK, is equal to the Se- 
micircle GKH ; (2) (for the Circles ACEFDB, and (9 11. f. 

N Sikk, / ub. 
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GIHK, mutually biſe& each other; and accordingly IGK, 
is a Semicucle ; and the Arc GKH, is a Semicircle, be 

 Cauſg of the Poles G,H, of the Parallels taking awa 

the common Arc GK, the iemaining Arc's Gl, HK, will 

be equal. Wherefore hecauſe the equal Segments of 

I. 1. Circles IGK, KHI, (% which are Semicircles, are at 

of #his. tight Angles on the Diameter of the Cicle ICKD, and 

the Arcs IG, KH, are equal, and not Quadrants (be 

1 _ _ the Poles of r — ) A 

5 4, alſo C's IE, KE, are equal, as has been proved; | 
* right Lines GA, HE, (n will be equal. (o) Therefon 

(o) Schol. the Circles AB, EF, are equal. ED. 

26. 1. 7 Lafth. If the Arc AC, be greater than CE; I fay the 

thi: Circle AB, is greater than the Circle EF. For having 

. taken the Arc equal to the Arc CE, the Parallel de- 

ſeribed through L, will (as juſt now has been proved) ! 
(90.6.1. be equal to the Parallel EF: (y) But the Parallel AB, u | 
ibu. leſſer than the Parallel deſcribed through L, becauſe it i | 
further diſtant from the parallel great Circle; and c. 
ſequently from the Center of the Sphere. Therefan | 

the Parallel AB, is alſo leſſer than EF. Q E. D. 


THEO. XVI. PROP. XVII. 
The Arc's of great Circles in a Sphere, in. 
tercepted between a great Circle, Paralil 
to two equal and parallel Circles, and thoſe : 
Parallels, are equal: And thoſe Arcs of « 
great Circle that are intercepted between 
greater Parallel, and a great Circle pa- 
rallel to it, are leſſer. 
Fo. 62 J ET AB, CD, be two equal and parallel Circles ina} 
* 6a, L Sphere, and EF, a great Circle el to them: 
Now let the great Circle ACD, cut all theſe parallels 
I fay the Arcs AE, EC, as alſo BF, FD, are equal. 
(s) 17. of For if they are not, let AE, be greater, (a) Therefoge the” 
this, Circle AB, will be leſſer than the Circle CD, which is, 
| contrary to the Hypotheſis. VVhence the Arcs AE,” 
EC, are equal, as alſo BF, FD. | 
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Parallel great Circle, Q the conſpicuous Pole, and R, 
ou Circle ABCD, and declines towards F. I fay the 


the Segment 
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Now if the Circle AB, be greater than the Circle CD; "0 
I 8 AE, is leſſer — the Arc EC. For if it 
de not leſſer, it will be equal, or greater. If it be e- 
the Circles AB, CD, (b) will be equal: if grea- (6) 17. of 


- the Circle AB, (c) will be leſſer than the Circle CD, 8. 


; YT c) 1). of 
h of which is contrary to the Hypotheſis, Therefore (c) Tn 
the Arc AE, isleſſer than the Arc BD OEM — 


2 _ OO 


THEO. XVIL PROP. XIX. 


If great Circle in a Sphere, not paſſing 
through the Poles of any Number of Pa- 
rallels, cuts them, it will be in unequal 

Parts, except the parallel great Circle, 

and thoſe Segments of the Parallels inter- 

cepted in one Hemiſphere, (made by the 

aforeſaid great Circle) which are between 
the Paralle! great Circle and the conſpicu- 

ous Pole, are greater than a Semicarcle : 

But thoſe which are intercepted between 

the Parallel great Circle, and the occult 
Pole, are leſſer than a Semicircle : Finally, 
the alternate Segments of the equal and 

parallel Circles, are equal. 


| ET the great Circle ABCD, cut the Parallels EF, Efe -.. 
L GH, IK, in I., M; B, D, "and O, P, not paſſing Fig. 63; 
thro' their Poles, which let be Q, R, and let GH he the 


the occuit Pole in the Hemiſphere, which is above the 
cle ABCD, does not biſect the Parallels, except the 


parallel great Circle GH; (a) for it biſects this: And | 
LFM, between the parallel great Circle and (@) fl. r. 


the of this, 
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the conſpicuous Pole Q, is greater than a Semicircle, | 


For through the Pole Q, and the Point B, deſcribe the 
reat Circle Q, BRD ; which will paſs through the other 


as alſo through the Point D, (c) becauſe it divides both 


N let the paraliel Circles EF, IK, be equal. I fay 
te alternate Segments LEM, Olb. are equal; as alſo 
20. 1. the alternate Segments LEM, OKDP. (e) For deſcribe the 
his. 


5 great Circle AGCH, paſſes through the Poles of the great 
(gs) Schol. Circles GH, AC, (g rheſe will reciprocally paſs through 
.T. 0 the Poles of that. Therefore the Points B, D, are the 

| Poles of the Circle AGCH ; and accordingly right 
3 Lines BA, BC. will be equal (from the Def. of a Pole, 
(s. 3. and (b) therefore the Arcs BA, BC, will be equal: But 


(i) 18. of the Arcs BL, BO, (i) are likewiſe equal; becauſe the 
#his. Parallels EF, IK, are equal. Wheretore the remaining 
Arcs AL, CO, are equal: But the Arc's L, CO, are half 
of the Arcs LAM, OCP , be:auſe, it has been proved 


that right Lines AL, AM; CO, CP, are equal. There- 


23 29.31 fore the Ares LAM, OCP, are cqual ; (&) and accord- } 
_** * * ingly the Subtenſes OP, will be equal. (7) Where- |} 
fore from the equal Circles EF, IK, they cut off equal 


Arc's, the greater one being LEM, equal ro OIP 
and the leſſer one LEM, to OKP. G. E. P. ; 


- 


THEO- 


and OK, leiſer. If laſtly, the Parallels EF, IK, are e- 
qual, the alternate Segments LFM, OIP, are equal. (b) 


ole R, (From Corol. Schol. Prop. 10. Lib. 1. of this) | 


the Circles GBHD, ABCD, in half; but theſe Circles 
are cat in half in B, D. Whence the Circle QBRD cus 
the Parallel EF; above the Circle AB. D; but the P. 
 rallel IK, below the fame ; as in the Points 8, T; V, X. 
+I. (d) And becauſe the Circle Qt RD, biſects the Para- 
lels FF, IK; SFT, VXX, will be Semicircles; and ac- 5 
cordingly the Arc LEM, will be greater than a Semi- 
circle, and the Arc OKP, leſſer. Which was propo- 


great Circle AGCH, through the Poles of the Parallels 
and the Poles of the Circle ABCD, (J) which will bi 
ſect che Segments LAM, OCP. Therefore the Arcs AL, 
AM, are equal; as alſo CO, CP. And becauſe the | 


e ng 


mm 


—_ „ 
- 


E the Pole of 


the e F, 
equal; and accordingly EGF, being @ S2mucircle be- 


| Great Circles in a Sphere, cutting off fimilar 
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SCHOLIUM 


IF the Point G is given exattly in the middle of the 

Arc BD; GF will be a Quadrant. For then if there 

are added the Arc's BE, DF, which (n) are equal, to () 28. 3, 
I Arcs GP, GD, th? Arc GE, CF, will be 


tween the Poles E,F; GE, GF, will be Quadrants. 
Therefore from the Fele C, and with th: diſtance GFithe 
Circle EP being deſcribed, will cut Hl, in the Point L, 
which again will be the Pole of th: touching Circle, as 
before. But if the given Point G, is the ſame as D, 
the touching Circle will be in the naddle of 
the Arc DCA, becanſe this Arc is a Semicircle. And 
the Circle deſcribed from that Pole, touches AB in A, 
and CD, in D; ſince this great Circle, and the Pa- 
rallels AB, CD; cut the Grrcumiference of the great 
Circle ACDB, in the Point, A, D. 
But becauſe, as L, has been proved to be tig Pole of 
the great Circle GN, touching the Circle AB, ſu alſo it 
may be demonſtrated, that another Point, in wh.) the 
great Circle KL, cuts the Circle Hl on the other Sid. 1 
the Pole of ſome other 22 Circle, which may paſs 
through G, and touch the Circle AB, in another thick. 
Whence it is manifeſt, there may be deſcribed two great 
3 rg a r Point in a Sphere, between 
Land para ircles, which touch 
Gels AB, in = Point. 1 OP w 


THEO. XIV. PROP. XVI 


Arc's from parallel Circles, either paſs thro* 
cbe Poles of thoſe Parallel 4 269 
one — ſe ates, or touch ſome 


ET the great Circles in a Sphere A | at P: | 
L off from the Parallels ADC, FG, the Emer Ares ny: 


AD, FG. I fay the great Circles ABC, DBE, eicher 
—— — _ 
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paſs through the Poles of the Parallels, ADC, FG, or 
touch ſome one parallel. For either one of them, a. 
AFC, paſſes through the Foles of the Parallels, ad 
we prove the other paſſes through the ſame, or Joes not | 
paſs through the Poles of the Parallels, but touches one 
of them, ye" ſowe ſhall demonſtrate, the other touch 
the ſame; or finally, it will not paſs through the Poles 
of the Parallels, nor touch one of them; which 
2 we conclude that the given great Circles, to 
other 1 ara!lel, leſſer than the given Parallel. Fo 
_ firſt, let ABC paſs through the Poles of the 7azallels.l | 
fay alſo DBE, paſſes through the ſame Poles, that is, the | 
Point B, in which the great Circles ABC. DBE, ca 
one another, is the Pole of the Parallels ADC, FG 
For if B, is not their Pole, let H he it. Then becauſe } 
the Circle ABC, is ſuppoſed to paſs through, their Poles, 
H vill de in the Circumference ABC. e £1 
- * deſcribe the great Circle HG, cutting ADC, in 
his. 
_ theArc's AL, FG, (b) will be ſimilar, W ; 
1 between the great Circles AH, HI, 22 
_ throw the Pole H: Butthe Arc AD ig ſu poſed ſimila 
to the Arc, FG. Therefore the Arc's Al, . are ſimi | 
E; and conſe y becauſe they are Arc's of the ſame * 
Circle, they will be — one another, the whole to tb 
Part: which is abſurd. Therefore no other Point but B 
will be. the Pole of 2 if 3 * 
AC, DBE, »:z. ABC, wn throu 
F Wherefore if one of the great Circles ABC, DBE, paſſes | 
* through the Pole B, of 2 Parallels, the other vi i 
1 alſo paſs through it. : 
Fig. 58. 24h, let the two great Circles ABC, DEF, again, cut ; 
> — the Parallels ADC, BE, the ſimilar Arc's AD, 
BE, and neither of them pais through the Poles of the 
Parallels, but one of them, vir. ABC, touch one of the | 
Parallels, ſuppoſe BE, in B. I fay alſo the Circle DEF, 
touches the ſaid BE, in E. For if it does not touch, x 
92 14. ff cuts it; (c) deſcribe through the Point E, in the 


Parallel BE, the great Circle the Pa- 
rallel, BE, in E; 1 Semicircles, one o 2 


drawn from thr lon 
do not — G, manifeſt from aks ure of 


Ren 13. o this Beck, and from whac i there demor 
@ r3. a. (4) Therefore the Arc's BE, AG > be | 5 
| 


58 
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milar: But the Arc's BE, AD are likewiſe ſimilar. 
Wherefore AG, AD, are ſimilar. And accocdingly 
becauſe they are Arcs of the ſame Circle, they will be 
equal, the whole, and the Part: which is abſurd. 1':-e- 
fore no other great Circle drawn through E, betides 
DEF, touches the Parallel BE, in E, if ABC touches 
the fame in B. Wherefore if ABC, touches BE, DEF, 
will alſo touch BE. . 
Laſth, let the great Circles ABC, DEF, cut off from Fig. 59. 
the Parallels ADC, GH, the ſimilar Arcs AD, GH; 
and let neither of them be drawn through the Poles of 
the Parallels or touch either of them. I fay the great 
Circles ARC, DEF, touch ſome other Parallel leiſer than 
ADC, GH. For becauſe the great Circle ABC, neither 
paſſes through the Poles of the Parallels, nor touches 
either of them, the great Circle ABC will be oblique to 
| both the Parallels ADC, GH. For if it was at right 
Angles to it, (e) it would paſs through their Poles, which (e) 4 * 
| is contrary to the Suppoſition. ( Whence ABC may 5 of 
touch two Circles equal and Parallel to ADC, CH. i. 
Therefore let it touch the Parallel BE, which will be 
leſſer than either ADC, or GH; (becauſe ABC, cuts 
them) and fo the other equal and parallel to it, will be 
leſſer than ADC, or GH, and accordingly the Parallels 
ADC, GH, are poſited between thoſe two, that the 
great Circle AC, touches. I ſay alſc . DEF, touches the 
ſame BE. For if it does not touch it (g) deſcribe through g 15. of 
the Point , which is between the Cucle BE, and ano- hes. 
ther and parallel to ir, the great Circle KH, touch- 
ing in I; then Semicircles, one of which paſſes 
from I, through G, andthe other from B, through, 
will not concur, (+) Therefore the Arc's AK, GH, il“) 13. of 
be fimilar: But AD, GH, are fimilar: Wherefore AK," 
AD, are ſimilar. And conſequently becauſe they are 
Ares of the ſame Circle, they will be equal, the V Vhole 
and the Part. Which is abſurd. Therefore no great 
Circle deſcribed through H, beſides DEF, touches the 
ParaVel BE, if ABC, touches it in B. VVherefore if 
8 touches the Circle BE; DEF, will alſo touch BE. 


I —- SCHO- 


this. 


60 


If, in a Sphere, the Arc's of great Circles in. | 


Fig, 60, LET the parallel Circles AB, CD, EF, be in a Sphere; 


(4016.7 1. 41 CD, EF, (2) which will be parallel between them- | 


(6) þ 5. 1. poſed 4) the Circle ACEFDB wil biſect the Parallels A 
of this. 


| (c) 10.0f be Diameters of the Parallels. (c) But becauſe the 


(d) 11. 1. 
9 this. 
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SCHOLIUM. | 


It is manifeft that th: great Circles ABC, DEE 
muſt ſo 1 Parallel Z E, that their Senncircles 
proce:ding through ſimilar Arc's from the Pots of | 
Cintact, nuft not concur. For otherwiſe the Arc's cut | 
off, will not be ſimilar, as af paart from Prop. 13 of 
#525 Book, 1 


; : 'Y 
db 1 : N * | . ; p * | 


THEO. XV. PROP. XVII. 


tercepted between parallel Circles, and a 
great Circle parallel to them, be equal, the | 
ſaid parallel Circles will be equal; and tboſe 
Parallels will be leſſer chat have the Arc's © 
of great Circles intercepted between them, 
and a great Circle parallel to them, greater, 


a " 


and ler CD be the parallel great Cucle. Now be- 
tween the Circle CD, and either of the Parallels AB | 
EF, let the equa! Arcs AC, CE, of any great Cir- | 
cle ACEFD, be intercepred. I ſay the Parallels AB, 
ER are equal. For let the common Sections of the 
Pamlle's, and the Cir-le ACEFDB, be the right Lines 


elves. And firſt, let the great © ircle ACEFBD, paſs 
through the Poles of the Parallels. VVhich being ſup- 


CD, FF, atright Angles; and ſo AB, CD, EF, wi 


Arc's AC, BD, are equal, as alſo the Arcs CE, DF; 
and AC, is equal to CE; AC, ED, together; will be 
equal to CF, DF, together: But theSemicircles CABD, 
CE FN, are equal: ( 4) Becauſe the great Circles CD, 


ACEFDB mutually biſegt each other, Therefore the re- 


f great Circles are deſcribed. Q. E. D. 


. 
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TH E O. XVII. PROP. XX. 


If a great Circle in a Sphere, not paſſing thro. 


the Poles of any Parallels, cuts them; thoſe 
intercepted Arc's of the Parallels in one He- 
miſphere, which are nigber the conſpicuous 


Pole, are greater than thoſe Arc's of the 


ſame Parallels, which are fmilar to the 


intercepted Segments further from the con- 
 ſpicuons Pole. Sh 


L ET the great Circle GHIKLMNO, in a Sphere, cut 

the Parallels AB, CD, EF, in H, O, IL, N; K, M, 
not paſſing through the Poles; and let P be the conſpi- 
cuous Pole upon the Hemitphere GBL, and Q, the oc- 
cult Pole. I ſay the Arc OBH, is too big to be ſimi lar 


to the Arc Ml, and NDI, too big to be ſimilar to the 
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Fig. 64. 


Arc MFK. (a) For deſcride the two great Ciroles PI, (2 5 r. 
FN, through the Pole P of the Parallels, and the Points T i. 


I. N. cutting the Parallel AB, above the Circle GILN, in 
R. I: () Then the Arc RBS, will be ſimilar to the 


Are NDI. In rhe fame manner we demonſtrate that the 
Are Mi is too big to be ſimilar to the Arc MFK, to wit, 
if through the Pole P, and the Points K, M, two other 


= 


COROLLARY. 
From hence it is manifc that the Arc OBH, is a 


greater Part of its Parallel AP, than the Arc NDI, is 


of its Parallel Sc. Becauſe the Arc KBS, is the fame 


Part of its Parallel, as the Arc IDN is of his, as has 


been proved. 
THEO- 


Are IDN. Therefore becauſe the Arc OBH, is greater 33 of 


than the Arc RBC, it will be too big to be ſimilar tothe 
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THEO. xx. PROP. XXL. | 


Ii in equal Spheres great Circles, be inclined | 

to great Circles, that, whoſe Pole is bigber 
above the lower Circle, wl be more inclin- 
ed But thoſe Circles 05 ſe Poles are equal) 
diſtant from the Plans of the lower Circles, 
are equally — 


ke: * LET the two great Circles ND, FOH, whoſe Pals | 
are P,Q, be inclined, in the equal Sphcres ABCD, 

EFGH. whoſe Centers are LK, to the great Cirdls | 
ABCD, EFGH; and let in the firſt Place, the Pole P, 

be higher above the Plan of the Circle ABCD, than u 

Pole Q above the Plan of the Circle EFGH. 1 ag the | 

: FFP ; Circle B, is more inclined to the Circle ABCD. than | 
of this, FOR, to EFGH. (a) For deſcribe through the Pola 

MET 4 M, Q. the great Circles ANC, EOG ; and let the | 
Line BD, be the common Seion of the Cirdle 
1 BND: the right Line AC, of the Circle 


BND, ANC: All _ right Lines, will paſs through | 

65) 6. 1. % U the Center of the 8 — (b) bench great Cirde | 
_ #his. pak through the fame Cem 

in the other d the commo'1 Section of the Circles 

EFGH, FOH, be the right Line Fil; of the Cireles 

EFGH, EOG, the right | EG; and of che Circles 

FOH, EOG, the right Line OK: All which right Lines 

will likewiſe paſs throug gh K, the Center of the Sphere. 

Nou becauſe the Circle ANC, paſſing through the Poles 

(15: 1. 2 the Circles ABCD, BND, (c) cuts them at right Au- 

— ples; fo reciprocally 17 he Cates ABCD. BND, will 

- at right Angles tothe Circle ANC, (4) and conſe- 

quently the right Line BD, their common Section, will 

be dicular to the ſame Circle ANC. Whezefor 

the Angles AID, NID, will be right ones (from Def. 3: 

Ab. 11. Euclid) And acco- dingly AIN, will be the 


ABCD (hom Def. 6. lib. 11. Euclid, ) in the ſame | 


ABCD, ANC; and the right Line Ni, af the Circts | 


er. In the fame 288 let 


N of Inclination ot the Circle BND, to the Circle 


manner 
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manner EKO, will be the Angle of Inclination of the 
Circle FOH,ro the Circle EFGH. But becauſe P, the Pole 
of the Circle BND, is higher above the Circle ABCD, 


than the Pole Q, of the Circle FOH, is above the 


Circle EFGH; the Arc CP, will be greater than GQ, 
For ſince theſe Arcs are 9 to the Circles 
ABCD, EFGH, they will meaſure the Alt itules of the 
Poles P, Q, above their Circles. But the Arcs PN, OO, 


are equal, as being Quadrants, (e) For the Poles P, QO e) Corol. 


are diſtant from the great Circles BND, FOH, a Qua- 16. of his: 
drant. Therefore the Arc CN, will be greater than the 

Arc GO; and accordingly the remaining Arc AN, 

of the Semicircle ANC, will be leſſer than the re- 
maining Arc FO, of the Semicircle EOG. (., Schol. 
VVherefore the Angle AIN, will be leſſer than the An- 3 


gle EKO; and accordingly th- Circle BND, will be 


more inclined to the Circle ABCD, than the Circle 
FOH, is to the Circle EEC H, as we have ſhewn in the 
Explication of Def. 7. lib. 11. Euclid. : 

Now let the Arc's CP, GQ, be equal, that is, let the 
Poles P, Q, be agony diſtant from the Plans of the 
Circles ABCD, E I fay the Circles BND, FOH, 
are equally inclined to the Circles ABCD, EFOHI. For 
becauſe the Arc's CP, GQ, are equal, if there are ad- 
ded to them the Quadrants PN, Q), the Arc's CN, G0, 
will be equal; and accordingly the remaining Arcs AN, 5 
NO, taken from the Semicircles, will be equal. (3) 8) 27.3. 
Therefore the Angles AIN, EKO, will be equa), aid 
accordingly (from Def. 7. lib. 11. Euclid.) ſimilar, or 
the Inclination of the Circles BVD, FOH, to the Cir- 


cles ABCD, EFGH, will be equ:l. Q., E D. 


SCHOLIUM. 


From hence it is manifeſt, if the Poles of great Er- 
cles inclim:d to others are equaly diſtant from the Poles 
of the great Circles to which they are inclined, the Inclt- 
nations are equal, But that Circle whoſe Pole is wyher 
to the Pals of another to which it is inclined, has aprea- 
ter Inclination, For if the Arc's LP, MQ, are equal, 


GP, GQ, will likewiſe bs equal, (h) becauſe» L, GM, Y Corol. 


are Quadrant; and therefore th: Pole: PO, of the 16. 1. 
inch Gireles, will be equally diſtant from 7 Han: this. ao 
wah of 
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of the Circles ABCD, EFGIT. Wherefore as in hit 
rop. has been demonfrat:d, th: Inclin tions of the 
Circles HND, FOH, to the Grcles ABCD, EFGH, 
will be equal. But if th Arc LP, bel:ſſer than M, 


the v i ning Arc CP, taken from the Quadrant, 
will be pr- cr than the Arc (. taken from the ſame 
Q Hint. Wherefore, as has been proved m this 
Prop. the Tue nat of the Circle BND to the Circle 
ABCD, will he greater than of the Circle FOH, to the 
G. EFC?T. 1 
W- thus demonſtrate the Converſe of this Theorem 


and C. : holnem. 


If great Circles in equal Spheres, are equal- 
ly inclin'd to great Circles, the Diſtances of 
their Poles from the Plans of the lowermoſt 
Circles will be equal : But ihe Pole of that Cir- 


cle wich is more inclined, is higher. Alſo the 
Diſtances of the Poles of thoſe Circles, that 


qual : 
Circle, which is more inclin'd, from the Pole 


leſſer. 


() 26. 3. 


For if the Circles BND, FOH, are equally inclind + 
to the Circles ABCD, EFGH, the Anyles AIN, EKO, © 
will he equal (from Def. 7. Lib. 11. Euclid.) Ci) and 
according iy th; Arcs AN, EO, wil be alſo equal. 
Therefore adding the Quadrants NP, OQ, the Arc 


are equally inclin d, from the Poles of the 
Circles to which they are inclin'd, will be e- 
But the Diftance of the Pole of that 


of the Circle to which it is inclin'd, will be 


AP, EQ, will be equal; and conſequently CP, GQ, 


will be 


to tb⸗ 


(% Schol. 
26. 3 


cid.) 


— But rf the Circle BND, is more inclin d 
rcle ABCD, than ih2 Circle FOH, it to the 


Circle EFGH, the Angle AIN, will be leſſer than the | 
Angle ENO, (as we haue ſaid in Def. 7. Lib. 11. Eu- 
(* Whence the Arc AH, will be leſſer than | 


the Arc FO. Therefore adding the Quadrants NP, 


O, the Arc AP, will be leſſer than the Arc EQ ; and | 
accordingh CP, will be greater than C 


— 


| mah 


CO. as before was demonſtrated, wi 
9 122 — * GM, are Quadrants ; the (I) Corol. 
Ares LP, MN, are equal. 


rr e Fay 
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in, [ Grrcl: inclin d, the Arcs 
ain, F the Circlis are equally 4 2 


69 


16. t. of 
If, laſtly, the Circl: BND, be more inclin d, the Arc this. 


PC, as juſt now was proved, will be greater than the 


Arc C. Therefore LP, will be leſſer than M. 
Two other Theorems in the other Verſion are alſo here 


Great Circles touching the ſame parallcl, are 


_ equally inclin'd to the * great Circle: 


But that great Circle which touches a 2 
Parallel, is more inclin'd to the parallel great 
Circle. And Circles equally inclin'd to the pa- 
rallel great Circle, touch the ſame Parallel: 
And that Circle which has a greater Inclinati- 
on to the parallel great Circle, touches a greater 


Parallel. 


Let the great Circles AB, CB, touch th: ſame Paral- Fig. 67. 
lel AC; and let DE, be the parallel preat Grcle. I 

ſay the Circles AB, CP; are equally inchin d to the Cir- (a) 2 

cle DE. For let F, be the Fol of th: Parallels, (a) Hb. 
and through F. and the Points of Contact A, C deſcribe (5) f ef 


te great Circl»ss FAD, E, (b) which will paſs thi. 


throush the Poles of the Circles AB, CB; (c) and (c) 15. 1. 
therefore will cut them at right Angles. of this. 
Woerefore the Arc's AF, CF, meaſure the Altitude 

of th: Fole E of the Circle DE, above the Circles AB, 

CB A 22 . 1 1 _ 65 Arc AF, CF, are (d) 28. 3. 
equal, becauſe Subtmſes FA, are fuch ( from Def. 

of a Pole) the Circle BK. (e) will png 2 (e) * * 
to the relies AB, CB, and theſ: will be reciprucaly T ht 
———— FORE 

Now let the great Circl: GH, touch a greater Paral- 
tel GI. I ſay the Inclination of the Circle GH, to the 
Parallal great Circle, DB, is greater than the In- 


cination of the Circle AB. (F) For baving deſcribed 5 - rag 
| through 
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through E and the Foint of Contact C, the great 
Circle FGE, the Arc Ni, will meaſure the altitude of | 
the Pole F, of the C:rcle DE, above the Circle GH. But 
the Arc FG, i greater than the Arc FA, becauſe the 

 Grrcle Gl, is ſuppoſed greater than the Crrcle AC, and | 

. I. accordingly is more remote fromthe Pole F. g) There 

fore the Carcle DE, will be more inclinad to the Gre 

GH, than to the Circle AB; and reciprocally GH, will 

be more inclined to DE, than AB. 
As ain, Let the great Circles AP, CB, be 7 
clined to the Parallel great Circle DE. I ſy thy | 

(56) 20. 1. teuch the ſame Parallel, ( For through F, the Fol | 

of thiss of the Parallels, and the Poles of the (ir let Ak, Ch, 

deſcribe the great Circles FAD, N, cutting the Gr. 


(i) 15. 1. cles AB, CB, in A, C. (i) Now becauſe they are out | 


of thu. at right Angles; the Arcs FA, FC, meaſure the alli. 
WD tude of the Pole F, of the Gre le DE, above the Girele, | 
| (&)Schol. 4B, CB. (æ) But the Arc's FA, FC, are equal, bs | 
21. of this. cauſe the Circles AB, CB, are e | 
Grcle DE, and ſo rectprocally theſ: to tho ſe If then 
„ ere from the Pole K, withthe diſtance FA, or FC, e 
 (1).3- ff Girdle AC, 1s deferibed. (I) This will touch the Circle | 
n., AB, CE, becauſe the Circle AC, and the Circles AB, 
CB, cut the great Circles FD, FE, paſſing through 
herr Poles, in the ſame Pomts A, C. £ | 
Laſtly, let the goo! Circle GH, be more inclined th | 
(=) 20. 1. the Circle DE. ay it touches the greater Parallel, (n) 
of this. for Saving deſcribed through F, the Pole of the Ee 
| rallels , and the Pole of the Circle GH, the great Gir- | 
(n) 15. 1. cle FG, (n) which will cut the Circle GH, at right | 
of this. Angles, viz, in the Point G; the Arc FG wall Fall 
meaſure the altitude of the Pole F, above the Circle GH, | 
(e)Schol: (0) But N, is greater than FA, becauſe the Circle 


11. of this. GH, is more inclined than AB. Therefore the Circle | 


deſcribed from the Pole F, with the Interval FG, will 


be greater than the Girele deſcribed from the ſame Pole þ 


225 of F, with the diftance FA. (þ) Wherefore becauſe AB, 


' AC, mutually touch each other in A, and CH, Gl, at | 


fo :uG, the thing propefed 74 manifeſt. 


* 


1 


ally inclinad to the | 


23 * - 
* N * 


ms e A WHT 


be equally *nclined to DB, a parallel great Circle. 1 99. 
ſay their Poles E, F, are in eſo (a) 20. 


| CD, F will be e 
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Great Circles equally inclined to a parallel 
eat ( ircle, have their Poles in the Circum- 
Prence of the ſame Parallel. And great Cir- 
cles, which have their Poles in the Circumfe- 


| rence of the ſame Parallel, are equally incli - 
ned to the Parallel great Circle. nt 


Let the great Circles AB, CD, whoſe Foles are E, F, Fig. 2 
ame Parallel. (a) For of hi to 

- deſcribed thro' G, the Pole of the Parallels,” © 
and E, F the Poles of the Circles AB, CD, the Foun W 
Circles GE, G (b) which will be at right Angles to , 1b. 


the Circles AB, CD; the Arc's EG, FG, will be the © 
 diffances of the Poles E, F, from the Pole G: (c) Butch * 


they are equal, hecauſ: the Grrcles AB, CD, equally” 
mclims tothe Circle DB. Therefore the Circle E F, de- 


fſcribed fromthe Pole G, with the diftance GE, or GC of 


(4) M Parallel to the Circle DB; in which parallel EF, ri. 
are the Foles E, F, of the Grrcles AB, (D, which was 


2d. 


ut now let the great Circles AB, CD, have their 
Poles E, F, in the Parall-1 EF. I ſay they are equally 
inc ine to DB the Parallel preat Circle. For, from 
the Def. of a Pals, right Lines GE, G, are equal, (e) (e) 28. 3. 
— 42 alſo the Arc EG, FG. Therefore 
becauſe the ſame Arc's, are the diſtances of the Poles 
E, x, of the Parallls, from the Pole G, the Circles AB 
Jy inclmed to DB, the Parallel (H) Scho. 
preat Cycle, | "HON 211. of this. 
Ther? here follows in the Greek, the 22d Propoſiti- 
on, whoſe Demonſtration is very long. Whence becauſe 


in the ether Verſion the ſame is ſhorter and more clear= 


ly demonſtrated, there are here added thre? cther Theo- 


renn, by which the following 224 Propofitzon may eaſier 


be demonſtrated. But the "firſt Theorem is the ſecond 
Part of Prop. 1. Lib. 3. Theodoſius; theo as it 
1 here propoſ:d, it more unive rſal. Therefors the 
Pf Theorem, which is thz third in this Scholiu in, is 
Fn III. 
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ted at right Angles the Segment of a Circle, 


The Sphericks of Theodoſius. Bock l 
III. | 
If upon the Diameter of a Circle be conſtity- 
and the Circumference of the inſiſtent Segment, 


be divided into two unequal Parts ; and if from 
the Point of Section, to the Circumference | 


of the firſt Circle, ſeveral Lines be drawn; the 


and that which ſubtends the greater Part, i; 


that right Line which is nigher the greateſt, 


Lines which tall from the ſame Point to the | 


right Line ſubtending the leſſer Part of the ws | 
ſiſtent Segment, will be the leaſt of them all: 


the greateſt of them all. But of the other, 


will always be greater than that more remote: 
And that nigher the leaſt, will always be leſſer 
than that more remote. And two equal right 


Circumference of the Circle, are equally diſtant | 
from the greateſt right Line. 


Upon the Diameter AD, of the Circle ABCDE, le | 
the Segment AFD, be erecteil at rig ht Ang les, winch | 
is not biſett:d in F: and let the leſſer Part be AF, 
and the greater DF: and let there fall from FE, ſeus- 
ral right Lin2s, as FA, Fl, FH, FB, FC, FD, FE. I | 


ſay Fa, is the leaſt of them all; FD, the greateſt: 
But FC, is greater than FB, &c. and I, leiſer than 


(4) 21. 11. 


G38. 17. 


FH, &c. Finally, the two right L n:s FE, FC, are e- 
qual, if th:y are equally diſtant from the greatet 
D, that 1s, if the Arc's DE, DC, are equal a) Ft 
draw from F to the Plan of the Circle? ABCDE, the. 
Perpendicular FG, (b) which will fall in the common | 
Seftron AD: And the Point CG, will be between the 
Points A, D, as in ths firſt Figure, (which will always 
hb 1ppen, when the Set A , is leſſer than a Ste 
circle, and ſometimes when it 15 greater) or be the ſa ns 
as A; or will bewithout the ';rcle, inthe Diameter D Ag 
preduced, as in the two laſt Figures. Now, in the 


Figure, C, will nit be the Center of the Cycle 4 


l 


- 7 > 9 Yu OT 


Ws. ws, yo FP ov WW” - WI 06 


tber 


by 5 Jars ofthe right Lines Gl, Gr, are lalſer than 
two Squares of GH, CF. Ot to which becauſe the 2 
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| becauſe GF, does not biſett the Segment AFD. Much 


tefs will G be the Center of the Circle ABCDE, in the 
G8 la . Draw = right Lines Gl, GH, GB, 
hen all the A be G, will be "right ones 


GA is the 147 of all the right Lines drawn from C, 


to the Circumference of the Circle ABCDE, in th: firſt 
and third Figures; and in all the Figures, 'GD, (4) xs (4) J. 15. 
the greateſt ; and GC, greater than GB; and Gl, leſſer or 8, 3. 


than GH, and Laſt h CC, GE, equal. Whence in the 
firft and third Figures the Squares of the right Lines 
AG, GF, together, will be leſſer, than the Squares of 


the right Lines IG, GF tegether : (e) To which becauſe e) G 


the Squares of the Tight Lines FA, FI, are equal; th 
are of 2 


Air, of FA, will be - af thon the 
FA, te Ver than Fl. ove in the ſame man- 
FA, in * firſt My ird Figures, lis leſſer 


than FH Kc. ted is the ſrcond Pie re 2 ee t. 
leſſer than FI, or FH &c. Taufe in the 

AIF, AHF, (in which the 
from Def. 3 Lib. 11. Euclid, and ſo the others 


Angle A, > ks 


le 1, or 


the right Line FA, ſubtends the _ 

but t right Lined Fl FH, K.. the gl Al f 

22851 efore 's theright Line FA, is the leaft of them all. A- 

8 all the Figures, the two Squares = 5 GD, GF 
greater than the two Squares L. G 


To — becauſe the Square: 2 7 FD, F., are equal; 
the e cf FD will alſo be greater * the 
of FC, and accordingly theright Line FD, will begrea- 


ter than FC. So alſo FD wi be greater than „ &C. 


| 2 the right Lins FD, is the greateſt of them 


3 in all the Figures, the two Squares of GC, 


G, will be reater than the two $ ares of GB, CF. | 
(bY to which e the Squares of IC, FB, ar- equal; ; 69 47- I, 


the Square of F hr reater than the Square 

FB; ad fo the riots Line BC will be greater than FB. 
We prove in the ame manner, that the right Line FC, 
which is vg ber the greateſt FD, 1s greater than am o- 
more Temote, 8c. For in all 155 Figures, the two 


Sore: f FI, FH, ** ; the Square of Fl, wi 


a 


Ba bet. 3 „Lib. 11. — New (c) becauſe (c) 1.018 


GE: g. 7. 


by — — — — — 
— ' — — 
= — 
— — —— - 
1 14 * * 
3 * 
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(#) 47. 1. 


Fig. 73: , Let ABCDE, be a Circle in a Sphere, whoſe Pele % | 


| He. 3: each other in ** Point but G. (s) (For _ 
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alſo be leſſer than the Square of FH; and ſo Fl, will 
be leſſer than FH. We prove thus that the right Line 


FI, which is nigher the leaft FA, is leſſer than any other | 


more remote, &c. Laſily, the two Squares of GC, CF 
are equal to the two Squares of GE, GF: (k) to which 
becauſe the Squares of FC, FE, are equal, the Squarg 


4 FC, FE, will alſo be equal; and ſo the right Lina | 
„ FE, will be equal, Therefore we have demon. | 
ſtrated what was * Again, as from the De. 


monſtration appears. I ſay that right Line 1s might 
the greateſt th. which falls in a Point nigher ts the 


. 


If a Point be aſſigned in the Superficies of a : 


Sphere within the Periphery of any Circle, er- 


cle; and the leaſt that which is adjacent to it: 


But of the others, that which is nigher to the 


greateſt is always grcater than that more re- 


mote: And the two Arc's equally remote from 


, 


Point D: And that is wgher to the leaſt FA, which fall 
in a Pot nig her the Fort A. "i 


_ cept its Pole, and from that Point to the (“. 
cumference of the Circle ſeveral Arc's of great 
Circles leſſer than Semicircles are diawn; the | 
greateſt is that drawn thro the Pole of the Cir- 


the greateſt or leaſt, are equal between them 
 felves. = 


. 
A 4 


F and aſſume in the Superficies of the Sphere within | 


the Periphery of the Circle, any Point as G, ex 
__— from which let aw by drawn any Nu 
12 


From GA, or GD; let alſo all theſe Arc's 


the 
of great Circles to the Circumference of the l 
ABCDE, whereof GA, beth ways produced, let paſs | 
 thro' the Pole E, and let the Arc GB be nig ber to GA, 
than GC; and Laſtly, let GB, GE, be equally diftant 
* * leffer than 
Semcarcles: Which they will be, when dhey interſel 


Dt. os td a... ts. rol. ot. 
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r 


Book II. The Sphericks of Theodoſius. 73 

great Greles mutually hiſect each other, the Arc's GA, 

GE, wil be leſſer than Semicircles, as not yet anterſec- 

tins one another. And for the ſam? reaſon, other Arc's I 
drawn thro G, will be leſſer than Sem circles, if they 

do not mutually interſect each cther, But if one of 

them, as the Arc GA, be a Semicircle, all the others 

will paſs thro' the Point 4, and will alſo be Semicircles: 

But if GA, is greater than a Semucircle, all the 

others will cut it, before they come to the Circumfe- 
rence, and will be greater than a Semictrcle from 
nothing can be gathered.) I fay the Arc 

GA, i the preateft of all, and GD, the leaft : But 
GB, 5s greater than the Arc GC; Laſtly, GB, CE; are _ 
qual. (5) For becauſe the Arc AD, cuts the rc T. 

in half, and at right Ang les; the right Line 
AD, will be the Diameter of the Circle ABC; and up- 


on this is erected at right Angles, the ment AGD of 


a Circle, which is unequally cut in G, (for becauſe from 
the Def. of a Pule, tha riohe only Nye —_— 
(c) the Arc's FA, FD, will alſo be equal, and ſo the (0 28. 3. 
Arc AD, is biſected in F. And therefore in G it irnot * © 
balved) and the greater Part is GA, and the lefſer GD. (4) Schol. 
(d) Therefore G4 5 the preateſt of all rzght Lines 21. of this. 
drawn from G to the Circumference of the Circle ABC, 
and GD, the leaft: But GB, is greater thanGC: And 


GB, GE, are equal. Therefore becauſe the Arcs I 


which they ſubtend are leſſer than S2micircles; (e) the (e) Schol. 


Arc GA, will be the greateſt ; GD, the leaſt: GB, grea- 28. 3 
ter than GC; and laſtly, GB, GE, are equal. 2 O 28. %. 


V. 


II inthe Superficics of a Sphere, without 


the Periphery of any Circle, be aſſumed a 
Point except its Pole, and from -that to the 


Circumference of the Circle are drawn any 


Number of Arc's of great Circles, leſſer than a 
Semicircle, and cutting the Circumference of 
the Circle; the greateſt is that drawn thro' the 
Pole; and of the others, that which is nigher 
the greateſt, is always greater than that more 
8 =: re. 


76 The Sphericks of Theodoſius. Bock II. 
remote: But the leaſt is that Arc of the great 
eft, contained between the Point without the 
© Circle, and the Circumference of the Circle; 
and of others, that which is nigher the leaſt, 
is always leſſer than that more remote: And 
thoſe two Arc's equally remote from the great- | 
eſt or leaſt, are equal between themſelves. 
Fig. 74. Let ABCDE be a Circle in à Sphere whoſe Pole is F, 
aud afſien in the Superficies of the Sphere without the | 
l the Circle any Point G, except the other le 
of the Circle ABCDE : And from G let there be drawn 
any Number of Arc's cf great Circles to the Gircumfe } 
rence of the Circle ABCDE, cutting it; w 
 GDFA, paſſes thro the Pole F; but the Arc GHB, lets 
nig ber to GDFA, than GIC: Laſtly, let GHB, GN, 
be equally diſtant from GDFA, or GD; and let then 
all be leſſer than à Semicircle : Which they will be; 
when they interſet each other in no other Point but m 
E, 45 has been proved in the precedent Theorem. Iſa. 
the Arc GA, is the greateſt of them all; GB, greater {| 
| than GC: But the leaſt is GD; and GH # leſſer thas | 
GI: Finalh, the Arc's GB, GE, alſo GH, GK, are 
qual. (a) For becauſe the Arc GA, biſedts the Circle | 
AECDE at right Angles, AD, will be the Diameter 
of the Circle ABCDE, and upon this is ereSed at right 
Angles, the S gment of 4 Circle DG, which is drawn 
from D, thro G, till it again cuts the Circle AC 
im the Pont A. Now this Segment is not biſefted in G 
LT db any 
witch the [at i bi ſected, as has been | 
in the precedent Theorem) and the greater Part, 1 from 
the Part G to A, becauſe the leſſer Pole is in that, (6 
_ therwiſe the Arc GDA, i drawn thro both the Poles, ' 
and accordingly will be greater than a Semicicle, finn 
the Arc between the two Poles is 4 Semicirele) but tht 
G) __ leſſer is DG. (b) Therefore GA is thegreateſt of allthe | 
21. of hi git Lines drawn from G to the Circumference of the | 
Crrcl? ALCDE; and GD, the leaft ; but GB, 5s 
than GC; GB, GE, are equal. Alſo GH leffer thon | 
Gl; and GH, GKequal. | ore e the Arc . 


(-)Schol. are leſſer than a Semicircle, from the Fypatheſs («) the 
28. 3. | | - 
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| | il alſo be the greate t a 
| ax" 6505 greater lea bc, and GH, leſſer 


T E. D 
FF I is mani 


If a great ab in # Sphere touches ſome 
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bem all and GD, the 


than Gl. (d) HFna 
equal, 


* GB, GE, 48 alſo GH, GK, are (d) 28. 3. 


Arc's drawn from G, ought not to be greater than &õ 
Semacircle 


Circle, and cuts another parallel to it, po- 
ſited between the Center of the Sphere, and 
" that Circle which the great Circle touches, 
and if great Circles are deſcribed touching 
the greater of the tewo Parallels : All theſe 
great Circles will be inclin'd to the firſt pro- 
poſed great Circle, and the moſt ereit of 
them will be that whoſe is in that 
Point, in which the greater Seoment of the 
greater Parallel is biſected; But the loweſt 
and moſt inclin d, is that whoſe Conta is 
in that Point, in which the leaſt Segment is 
biſefed : And of the others, thoſe that 
are equally diſt ant from either of the Points 
of them, in which the Segments are hiſected, 
are ſimilarly inclin d e but that which bas a 
more remote Contact fromthat Point, in which 
the greater Segment is biſected, is perpetu- 
ally more inclin'd to the firſt mention'd great 
Circle, than that which bas its Contact 
nigber the ſame Point. Finally, the Poles 


of 


of the ry Circles will be in the ſame Ciy. 
cle, which alſo will be leſſer than that Cir. 


couches, and will be parallel to it. 


Pole is E, touch the Circle AF, and cut another, as 
the Sphere and the Circle AF, ſo that the Circle GBHD, 


the Circle GB, as not paſſing through its Poles, that 
N is, through the Poles of the Parallels, the Segment BHD, 
(4) 19. of (a) will be greater than a Semicircle, and BGD, leſſer.) 


of this. of which will biſe& the Segments BGD, BHD : And let 
%%% the Points M, N, be equally diſtant from H; and 0 
further from H, than N; let alſo the great Circles GL, 


ebis, Points G, H, M, N, O, all of which will be inclined to the 
great Circle ABCD, becauſe they do not paſs through 
its Pole E; (for ſince the Pole E, is ſuppoſed between 


cle GBHD, cannot paſs through E, for otherwiſe they 

would cut it, becauſe the other Pole, through which 
(e) Corol. they (e) muſt neceſſarily paſs, is without the ſaid Paral- 
10. 1. of Jels.) I ſay the Circle HK, is the moſt ere to the 


are ſimilarly, inclined, and OL, more than NK: Laſtly, 
the Poles of theſe Circles of contact are in one and the 


16. 1. of 


oh the Pole of the Circle ABCD, EA J) will be a Quadrant 


of a great Circle ; aſſume the Arc HQ, equal to it; then 


the Arc HA, is greater than a Quadrant (ſince EA, has 
(s\Corol. been proved to be one) and HI, leſſer than a Quadrant, 
16. 1. of (g becauſe the Arc drawn from the Pole I, through 
his. een is a Quadrant. 


there: 
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cle, which the great Circle ji-fl propoſed | 


Fig. 75. JET the great Circle ABCD, in a Sphere, whoſe 
IB, parallel to AF, poſited between the Center of | 
may be greater than AF; and let E, the Pole of the 


great Circle ABCD, be between the Circles AF, GBHD. | 
(But becauſe the great Circle ABCD, does not biſec 


ä . ©: %, A £7, jad” 


z#his. (b) Draw through E, the Pole of the Circle ABCD, and 
(5)20.1. I, the Pole of the Parallels, the great Circle GM, (c) 


(4) 14. of HK, MP, NK, OL, (d) touch the Parallel GBHD, in the | 


the Parallels AF, GBHD, the Circles touching the Cir- | 


this. Circle ABCD; that is, does not incline at all; and te 
loweſt, that is, the moſt inclind, is GL; but MP, NX, 
0 Corol. fame Parallel, which is lefler than AF. Per becauſe ERH 


the Point Q, will be between the Points A, I, becauſe 


If 


W 


VS 0 
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© gw. 


from the Pole E, of the great Circle 
T, V, R, the Poles of the contingent 
the Diſtances of the Pole E, from the Poles of the con- 


feſt, becauſe the Ares between theſe Diameters nigh R, () 18 1 


inclind to the Circle 


therefore from the Pole I, with the Diſtance IQ, the () 2. 1 

Gade QTR, be . (h) it will be parallel to this. 

A, E, and leſſer than it. Now I fay in this Parallel are () * r. 

the Poles of all the Circles touching GBHD. (+) Fer J, 
h the Pole I. and the Points of Contact, deſcribe ( 5-9 


geit Circles MIS, NIT, OIV ; (&) which will al- C78. 3. 


0 545 through the Poles of the touching Circles. ( I 


And becauſe the Arcs HI, MI, NI, Ol, Gl, are equal, 
becauſe from the Def. of a Pole, the right Lines ſub- 
tending them are equal, c. For the fame Reaſon, the 
Arc's f „, IT, IV IR, are equal, the whole Arcs 
0 GR, will be equal ; and therefore 


N : 
— en a Quadrant, all thoſe Arc's will be Quadrants. 


Wherefore becauſe it has been proved, that they paſs (w) Cor. 
through the Poles of the contingent Circles, (n) the ” 1. of 
Points Q,S, I, V, R, will be the Poles of the contin= 2% 
gent Circles, all of which will be in the Parallel 

QTR, which in the laſt place was propoſed to be proved. 
Again, hecauſe the Arcs of the great Circles drawn 
ABCD, to Q, 8, 

Circles, meaſure 


tingent Circles; (ſince theſe two are equally diſtant 

from EQ, becauſe the Ares QS, QT, are equal. (1) ( 10. ef 
For the Arcs of the Parallel VR, between the great 
Circles HI, MI, NI, are ſimilar to the Arcs MH, NH : 

And ſo becauſe theſe Arcs are equal, thoſe will like- 

wiſe be equal: Which becauſe they are equal to the , 
Arcs QOS, QT; (o) ſince the common Sections of the Gus * 
Parallel VR, and the great Circles HQ, MS, NT,* © 
drawn through its Poles, are its Diameters, it is mani- 


are equal, (p) and alſo the As QS, QT, oppoſite to 

theſe are equal, that the vertical —* HR coup on the 

Arc's QS, QT, are equal, and EQ, is (4) the greateſt (4/0. 

of them all ; ER, the leaſt; FS, ET, are equal ; —_— 

laſtly ET, is greater than EN, becauſe all theſe are leſ- 

ſer than a Semicirele; for EQ, is leſſer than the Qua- 

drant EA; and therefore the remaining ones do not 

cut it about the Point Q: therefore they will be leſſer 

than a Semicixcle.) (r) The Circle is not at all (r) Schol. 
ABCD; and GL, is moſt in- 21. ali. 
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thro the Poles of the Circles MO, OQ, cutting one a- 
nother in O, Q, V/ biſeQs their Segments, the Wes ( . 
MO, MQ; SO, SQ, will be equal; and for the ſime“ 
reaſon will NP, NR, and TP, IR, be alfo equi! : as 
likewiſe KO. KP, and TO, CP; becauſe the greit Cir- 

cle TKC paſſing thro the Poles of the Circies OKP, OCH, 

A biſects their Segments in X,C. | herefore ſince the (s 9. of 


Ates MO, NP, are equal, the Wholes OMQ, ENR,“ “ 


whercof they are the Halves, are equai; (5) wherefore the /,,,,. 2 
right Lines OQ, PR, will be equi. () Wheretore al 04 18. z. 
the Arcs OSQ, PTR, will be equal; and according y 
their Halves OS, PT, will be equal. But the Whotes KO, 
KP, have been proved cual. Theretare the Remainders 
KS, KT, will be equal; and ſo ſince they belong to one 
and the ſame Circle, thiey will be ſimilar between them- 


ſelves. (K) But becauſe the Arc's HM, HN, are ſim :) 0. of 


Ar to the Arcs KS, KT, the Arcs HM, HN, will alſt 515. 


be equal. (7) Therefore ſince the Segment BHD, is bi- 9. of 
ſected in H, and the Arcs HM, HN, are equal; (»:) . 
the Circles MO, NP, will be ſimilarly inclined to che 22. of 


Circle ABCD. Q. E. D. 


M e 
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If a right Line cuts a Circle into unequal Parts, | 
upon which is erefled at right Angles, the 
Segment of a Circle, which is not greater 
than à Semicircle;, and if the Circumferenct 
of the infiſtent Segment be divided into two 
wnequal Parts : The right Line ſubtending 
the leſſer of them, is the leaſt of all ti 
right Lines drawn from the Point of Sec- 
tion to the greater Part of the Circumft- 
rence F the propoſed Circle : And of the 
ether right Lines, drawn from the afort- | 
ſaid Point to the Circumference mee 
* * 


* A 


T_ ET the | 
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between the leaft right Line, and the Di- 
ameter, on which the Perpendicular drawn 
from the Point falls, that nigher the leaſt, 
is always leſſer than that more remote. But 
the greateſt of them all, is that drawn from 
tbe aforenam'd Point to the Extremity of 
the ſame Diameter: Alſo the right Line 
ſubtending the greater Arc of the Segment, 
tbe leaſt of thoſe, that fall on the Cir- 
- cumference intercepted between it, and the 
Diameter, and alway that Line nigher this, 
i leſſer than that more remote. And if the 
right Line cutting the firſt named Circle be 
its Diameter, and all things elſe, as above ; 
the right Line ſubtending the leſſer Arc of 
the _ is the leaft of all the right 
Lines drawn from the Point of Section to 
the Circumference of the Circle, but that, 
which ſubtends the greater Arc of the inſiſ- 
tent Segment, is the greateſl, 


* 


Line AB, cut the Circle ACBD, whoſe Fig. 77, 
— Center isE, intounequal Parts, whereof let ACB, be 
the greater: And let the Segment AFB, of a Circle, not 
greater than a Semicircle, inſiſt at right Angles on AB; 
the Arc of this Segment Jet be unequally divided in F; 
and let BF, be the leſſer Part: (a) draw from F, to the (a) 11. 11. 
Plan of the Cixcle ACBD, the Perpendicular EL, (5) ( 38. 3, 


| which will fall in the mon Section; and thro E, L, 


draw the Diameter CD; then from E, to the Circumfe- 
rence ACB, of the greater Segment of the Circle ACDB, 
let there fall the right Lines FB, FG, FH, FA, FI, 
EK. I fay FB is the leaſt of them all, and FG, leſſer 


| than FH ; but the greateſt of them all is FC. Alſo FA, 
' Uk the greateſt of all — from E, on the Por- 
. | 2 - g j he 


tO 
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Lines drawn 


rom L, and LB, leſſer than LG, LH, 2 


LK, LI, LA, the Squares of FL, LB, together, will be 


F 
of FG, equal to the Squares of F. Therefore the 
Square of FB, is alſo leſſer than the Square of FG, and 
cniſequently the right Line FB, will be leſſer than FG. 
In the ſame manner we demonſtrate, that the right Line 
FB, is leſſer than FH, FC, FK, Fi, FA. Wherefore 
EB is the leaſt of them all. 55 
(©) 7. 3. Again, (e) becauſe LG, is leſſer than LH, the Squares 


(4) 47. 1. 5 than the Squares of FL, LG: (iI) But the Square of 


(147. I JF hut the Square of FG, is cqual to the Squares of 

FL, 

FL, LH. Theietc 

than the Square of FH ; and conſequently FG, will be 
z tan 16 is oe ent. af he 

4 *urther, (g) becauſe. LC, is the greateſt of a 
(s) 7.3. Likes drawn From L. the Squares ol FL. ic are grea- 
(b) 47, 1. ter than the Squares of FL, LK. (+) But the Square of 


IC, is equal to the Squares of EL, LC, and the Square of 


EK, to the Squares of FL, LK. Therefore the Square of 


FC, will be greater than the Square of EK; and accor- 


Sngly the rien Line FC, will alſo be greater than the 
right Line FK. In the ſame manner we prove, that the 


night Line K, is greater than EI, and FA, Therefore 


the right Line I is the greate 


57.3. „% Becauſe EA, is leer than II, LK, LC; the | 
( , Squares of FL, LA, will he alſo | fo by Bs 


(9.47. 1. of EI, II. (H) But the Square of EA, is equal to the 
; 7452 of FL, LA, and the Square of H, to the Squares 

of FL, II. Therefore the Square of FA, will be leſſer 
chan the Square of FH; and fo the right Line FA, will 
alſo be leſſer than FI. In the ſame manner, the right 
Line FA, may be proved to be leſſer thanjFK, FC. There: 


fore, EA is the leaſt of all the right Lines wn from 
F, to the Arc AC. * 


* 


Laſh, 
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tion AC; and Fl, leſſer than EK. For let there be 
drawn from L, the right Lines LG, LH, LI, LK; then 

all the Anglesar L, made by the Line FL, (from 
(e) 7. 3. 3. Lib. 11. Euclid.) will be right ones. (c) Therefore 
Paras the night ine LD, is the leaſt of all the ri 


is equal to the Squares of FL 115 and the Square | 


| of. FL, IG, ae leſſer than the Squares of EL, LH: i 


IG, and the Square of FH, equal to the Squares of [ 
H. The efore the Square of FG, will be leſſer 


>] 
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Laftly, (1) becauſe LT, is leſſer than LK; the Squares (I) 7. 3. 


of FL, LI, will be leſſer than the Squares af FL, LK; 
but the Square - — is equal to the Squares of EI, LI, 
and the Square of qual to the Squares of FL, LK. 


Therefore the Square we? I, will he leffer than the Square 
of EK. and ſo the right Line FI, will be leſſer than 


the right Line FK. 
If Bo right Line AB; biſects the Circle ABCD, ſo 
that it may be its Diameter, we have already demonſtra- 


Book, that the right Line FB, is the leaſt, and FA, the 
greateſt, Wheret eit is not neceſſary. to prove theſame 


— 


. 


I HE O. l. PROP. l 


ted in Theorem 3d. of Schol. Prop. 21. of the precedent 


If a right Line cuts off the Segment of a Cir-. 


cle, which is not leſſer 25 a Semicircle, 
and upon that right Line there inſiſts ano- 


ther Segment of 4 Circle, which is not 


the former Segment and if the Circumfe- 


greater than à Semicircle, and inclined to 


rence of the in tent Segment be divided 
into unequal Parts; a right Line ſubtend- 


ing the leſſer Part of the Circumference, is 


the leait of all the right I ines drawn from 


the Point of Diviſion, to that Arc of the 


Fil propoſed Circle, which is not leſſer than 
a Semicircle : And all the others follow, as - 


in the precedent Propoſition. 


. ET the right Line AB, cut off ** the Circle 
ACBD, whoſe Center is E, the Segment ACB, not 
than a Lemiciicle, bur equa!, as in the firſt Fi- 
* or greater, as in the other: and Upon the right 
AB, let there be conſtituted another Segment of a 
Circle 


Rz 78. 


79. 
80 
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Circle AFB, not greater than a Semicircle, but either 
equal, as in the laſt three Figures, or leſſer, as in the 


firſt two Figures, and inclind to the other 
ADB, which is not greater than a Semicucle, becauſe 
ACB, is ſuppoſed equal, or greater than a Semicircle, 
Alſo divide the Circumference AFB, in unequal pany 
in E, and let FB be the leſſer part. Now from E, let 
fall the Perpendicular FL, to the Plan of the Circle 
ACBD, which will fall either in the Segment ADB, 
or Without it, or elſe in the Circumference ADB, . 
ain, through the Center E, and the Point L, draw 


D, and from F, let the right Lines EB, FG, e 


fall to the Circumference ACB. I ſay FB, is the left 


of them all; and FG, leſſer than FH: The greateſt of | 
them all is EC: Alſo FA, is the leaſt of all thoſe Line, 
drawn from FE, to the Circumference AC; and Rl, 


leſſer than EK. For draw from L, the right Lines LB, 


LG, LH, LA, LI, LK, and all the Angles at L, which 
the — Ju FL, makes, will be right ones 


(from Def. 3. hb. 11. Euclid.) (a) Therefore becauſe 
the right Line LD, is the leaſt of them all (which wil 


be nothing in that Figure where the Points L, D, co- 
| incide) and LB, leſſer than LG, LH, LC, LK, LI, LA 


and LC, is the greateſt of them all, Sc. We demon- 
ſtrate, as in Theo. precedent, that the right Line FB, s 


the leaſt, and FG, leſſer than FH : Alſo FC is the great- 
_ eſt, and FA, rhe leaſt ot all the right Lines falling from 


E, on the Circumference AC; and FI, is leſſer than FK. | 


Q k. D. 
SCHOLIUM. 


Th:ſe two Fizures are alded, that all the Caſes of 


. the Cadence of the Perpendicular may be ſeen. For 


in Fig. 78. the inſiſtent Sexment AFB, is a Semicirdle, 


and FL, falls within the Segment ADB: Eut in Figure 
82, FL, falls on the Circumiferencs ADB, the inſiſtent 


Segment AFB, being a Senncircl? ; like as in Fig. 80. 


the ſame inſiſtent Segment AFB, being à S:micir- 
2 = Perpendicular FL, falls without the Segment 


- THEO- 


1 Ss w ww 


| AGCH, ſhould paſs on this Side the Point D, (which 


, 
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THEO. Ill. PROP. Ill. 


If two great Circles in 4 Sphere mutually cut 
one another, and if in each of them equal 


Arc's are aſſumed on each Side the Point in 


which they cut one another; Right Lines 
connecting the extreme Points of theſe aſ- 


ſumed Arc's, on the ſame Side, are equal 


between themſelves. 


mutually cut each other in B, and in each of them 
on both ſides B, aſſume two equal Arc's as BA, BC, and 


BD, BE, and draw the right Lines AD, CE. I ſay the 
right Lines AD, CE, are equal. For from the Pole B, 


1 with the Diſtance BA, deſcribe a Circle, which will 
alſo 
BA, Therefore the ſame Circle either paſſes like- 
wiſe thro D, and conſequently through E, or not- 
Firg, let it paſs through D, E, as in the firſt Figure, 


and let the right Lines AC, DE, be the common Secti- 
ons of the great Circles, and of the Circle MCE. 


And becauſe the great Circles ABC, DBE, 2 thro 


B, the Pole of the Circle ADCE, (a) biſect it, AC, (a) rs. r. 


$ through C becauſe of the equality of the Arcs 


* 


I ET the two great Circles, in a Sphere, ABC, DBE, Fig, 83. 


DE, will be Diameters of the Circle ADCE, and E, the of his. 


Center; and accordingly the right Lines FA, FD, are 
equal to FC, FE. (b) And becauſe the vertical Angles 
ya ally equal ; (c)the right Lines AD, CE, vill be 


and fo excurs heyond the Point E. Bur if the Circle 


would happen, if the Arc BD, was greater than BA) 
the Circle muſt be deſcribed from fo with a greater 
Diſtance than the Arc BD, that it may excur beyond 


the Point A. Produce the Arc's BD, BE, to G, H. Cd) (41) 29, 3. 
Therefore becauſe the Arc's BG, BH, are equal, ſince of 


(6) r5.r 
(6 4 r 


equal. 
Vo let the Circle deſcribed from the Pole B, with 
the Diſtance BA, not paſs through D, but beyond it, 


The Sphericks of Theodoſius. Book III. | E 
from the Def. of a Pole, Subtenſes BG, BH, are equal: 

And BD, Bz, from the Hypotheſis, are equal; the re- 
maining Arcs DG, ZH, will be equal, And becauſe LE 1 
right Lines AG, CH, are equal, as has becu proved in 
(+) 28. 3. the firſt Part of this Prop. (e) tac Arc's A, GH, will c 
de equal. Therefore becauſe tlie great Circle GBH, c 
(/) 15- 1. qrawn through the Pole B, (J) biſets the Circle l 
e right Angles, the Segment CH, inſiſts at 4 
right Angles, on the Diameter of the Circle AGCH, | 1 
Wherefore ſince the Arcs DG, EH, are equal, and le. 
fer than haif the Arc GDH; and the Arc's GA, HC, | 
(2) 12. 2. have been proved to be equal, (g) the right Lines DA, | 
of iis” FC, will be equal. Q. E. D. 55 h 


THEO. IV. PROP. V. 


ff two great Circles in a Sphere mutually cut 
each other, and in either of them are aſſu- 
med equal Arc's on each Side the Point in 
which they interſet ; and if through the 
Paints terminating the equal Arc's, there are 
drawn two parallel Plans, one of which meets 
the common Section of the Circles, produced 
without the Sphere towards tht aforeſaid 
Point; and if one of thoſe equal Arc's be 
greater than either of the Arc's intercep- 
ted between the eforeſaid Point in the aſ- 
ſumed great Circles and the parallel Plans © | 
| The Arc, which is between that Point, aud 
the parallel Plan not meetting the common 
Section of ꝛbe great Circles, is greater 
rban that Arc f the ſame Circle, which is 
| between the ſame Point, and the parallel | 
Plan meeting the common Section of the 
great Circles, 


Z ler 


_ : p aa 
* 2 * 7 . 
by | < 4 Y 
. 8 


which 


15 
Plan 


cutting the Circumference DBE, in the Points 
let the Arg BA, or BC, be greater than either of the 
Arc's BF, BH, intercepted between the Point B, and the 
two parallel Plans. Again, from the Vole B, and with 
the diſtance BA, or BC, deſcribe the Circle ADCE, 


K 
AF 
than the Arc BF. For let the right Lines FM, HN, be 
the common Sections of the Circle DBE, and the Cir- 


* f Ss K * K 
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ET ABC, BDF, be two great Circles in a Sphere, Fig. 85. 
mutually cutting one another in 3, aſſume the e- 


qual Arcs BA, BC, and through A, C, let there be 
drawn parallel Plans, (a) making the Circumferences (4) r. 1. 
of Circles AFG, CHI, in the Supe: ticies of a | = If this. 


: and 


will paſs beyond the Points F, H, becauſe the 


Arc's BF, BH, are ſuppoſed leſſer than the Arcs BA, BC. 
Moreover produce the Arcs BH, BF, to the Points 
| DYE, towards the Circumference of the Circle ADñꝗCE; 
and let the common Sections of the Circle ADCE, and 
the Circles AFG, CHI, be the right Lines AG, CI; and 
the common Sections of tlie great Circles, and the Cir- 
cle ADCE, let be the right Lines AC, DE; which will 
be Diameters of it, and fo the Center will be K, (5) of this. 
becauſe great Circles paſling tliro the Pole B, bi ſect ; 
| ADCE: Likewiſe let the right Line DE, cut the right 
| Lines AG, CI, in M, N. Alſo let the common Section 
ok the great Circles, be the right Line KB, which produ- 
ced on the Side of B, let meet the Plan AFG, produced 
without the Sphere, in the Point L. This being up- 


(6) 15.1; 


the other Plan CHI, will not meet the right 
on the Side of B, becauſe ir does not meer the 
parallel to it. I fay the Arc BH, is greater 


meets the right Line KB, produced in L, the Point L, 


_-_ 


duced 


cles AFG, CHI, then becauſe the Plan AFG, produce] 
| will be in each of the Plans DBE, ATG; and conſe- 


in their common Section, w7z, in the right Line 
Therefore MF, produced, will meet with KB, pro- 
in L. But becauſe the Plan DBE, cuts the parallel 


Plans AFG, CHI, (c) the Sections ME, NH, will be (0 16. 11. 
parallel. Again, becauſe the Plan ADCE, cuts the ba- . 
nllel Plans, the Sections AG, CI, (4) will be Parallel. d) 16. 17. 
(e) Therefore the alte nite Angles KAM, KON, ((e 29. 1. 
are equal. But the vertical Angles AKM, CKN, are (/ 15. 1. 
likewiſe equal, and the Sides KA, KC, becauſe they are 2 
Semidiameters of the * ADCE. (g) Therefore 


will 2 26. T- 


90 
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will the Sides KM, KN, be alſo equal: But the Semi- 


_ diameters KD, K+, are equal. Therefore the 1emaini 


(h)Schol. 
8. 1. % 
this. 

(i) 17.1. 
(Y 29. 1. 


028.3. 


right Lines DM. EN, will be alſo equal. Again, beca 


the right Line EK, drawa from the Pole B of the Cu- 


cle ADCE, to K the Center of the ſame, (Y) is at right 
Angles to the Plan of the Circle, the Angle MKL, in 
the Trianzle KLM, will be a right one, from Def. z. 


hb. 11. Euclid. (i) Therefore the Angle KML, will be 
an acute one. (&) Wherefore becauſe the two Angles | 


FMN, HNM, are equal to two right ones; the Angle 


HMM, will be obtuſe. Therefore, as we thall prove in | 
the following Lemma, the Arc EH, will be leſſer than 


the Arc DF; and ſo (/) becauſe the Arc's RD, BE, are 


equal, ſince their Snbrtenſes BI), BE, from the Def. of 


a Pole, are ſuch. the Arc BH, will be greater than the 


7ig. 86. 


DC. I ay they cut off equal right Linzs AE, DF. For „ 
* the right Line BC, (n AD, BC, will | 


© }Schol. I 
be Parallel, becauſe of the Equality of the Arc's AB, 


"a * 


. 3. DC: (i) o!ſo BE,CF are parallel, Therefore FBFU, | 
24 


Arc BF. Q. E. D. 
n LEMMA. 


| That the Arc EH, is Ieſſer than the Arc DF, we cf. 
H 7 ove, this propoſed Theorem berg ffir ft demonſtra- | 
te | | | | 


11, too any right Line ſubtending an Arc of 


2 Circle, two Perpendiculars are drawn from 
the Arc, cutting off from the Ends of the Arc 
two equal Arc's, the ſame two right Lines will 


eut off from the aforeſaid Subtcnſe to equal | 


right Lines. And if two Perpendiculars are 
drawn to the Subtenſe of an Arc from the 


faid Arc, cutting off cqual right Lines, the 
ſaid Perpendiculars will cut off two equal!“ 
Arc's. ay 


| Let the right Lins AD ſubtend the arc ABCD, of 


a Circle, to which from the Arc are let full the Fur pen- 
diculars BE, CF, cutting off the two equal Arc's AB, 


Ow +9 tc » wr ©]. v> ww oc +, = 


YA * „* F ˙· N Ton Sod (Orr nn” OY. OO UI a © 2 


— 
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is a Parall:logram, (o) an ſ the right Lines BE, CF, (0) 34. I- 
ar? equal. (p) And becauſe the right Lynes AB, De, (. 27.3 


brending equal Arc's ABR, DC, are qual; th: Squares 
| 1 AB, Dc i be equal. (4 Wiirefors ſinc: the ( 
firſt i. 2 to th? Squares of AF, BE, and the litt:r 
to the Squares of DF, CF; if there ar- talen awoy, 
the equal ares of the right Lines BE, CF, thz 
Squares of th: rigit Lins AE, DF, will be equal: 
ond conſequently the Line thæmſelves will be equal, 
ch was the firſt thing propeſel to he dimonſrut il. 
But now let the P:ypendiculars BE, CF, wt off the 
I right Lines AF, DF. I ſay they cut off equal 
7 Ac: AB, DC. For if th:y be nit equal, lit if ple 
tie Are AB, be greater than CD, from which cut off 
 AG'equal to DG, and from C, to AD, draw th: Fir- 
pendicular GH: Therefore (as has been proved juſt 
wow) the right Line AH, will be equal to DF; and con- 
ſequently to th: Lin: AE: The fart to the whole. 
Mich ts abſurd. Wherefore the Arc AB, is not grea- 
ter than DC: And for the ſame reaſon it will neither 
bie laſſer. Therefore it is equal, Which was propuſed, 
| From hence it 1s manifeſt that th: Arc HE, in the 
Figure of the Propoſition, is leſſer than the Arc DF. 
Fer fimce the Angle FMK, is acute, and HA, obtuſe, 


| if from M,N, P-rpendiculars are drawn to DE, th 


will fall on the Arc's DF, BH, and will cut off equal 
Arc's, as we have deuionſt rated. Wizr:fore the Arc 
HE, is laſſer than the Arc DF. 


6 


r HE O. v. PROP. v. 


| F the Pole of parallel Circles in a Sphere he 


in the Circumference of any great Circle, 
and two other great Circles cut this great 
Circle at right dnples, one F which 1s ane 
of the Parallels, and the other is obligue to 
the Parallels, and if in this abl que Circle 
equal Arc's are ſucceſſively raken o the 
N 2 ſame 


9 


Fig.87. 
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ſame Side of the parallel great Circle, and 


thro thoſe Points terminating the equal 
 Arc's are deſcribed parallel Circles : The 
Arc's of the firſt propoſed great Circle in- 
zercepted between the Parallels will be une. 


equal, and that which is nigher the pard. 
lel great Circle, will alwa)s be greater than | 


that more remote. 


LET A, the Tole of parallel Circles in a Sphere, be 


in the Circumference of the great Circle ABCD, 
and let the two great Circles BD, EC, cut it at right 
jr whereof BD, is the greateſt of the Parallels, 
and EC, oblique to the Parallels: And thro the Points 


| F, G, H, which cut of from the oblique Circle the e- 


(4) 20. 1. 
of this. 


rallels in p, Q. Therefore becauſe there is taken on 


(b) Schol. 
21. 2. 
this. 


qual Arcs E G, GH, deſcribe from the Pole A, the Pa- 
rallels IK, LM, NO. I fay the the Arc IL, is greater 
than the Arc LN. (a) For thro' the Pole A, and the 
Point G, deſcribe the great Circle AP, cutting the pa- 


the Superficies of the Sphere, within the Peri 


phery of 


the Circle IK, the Point G. beſides the Pole A, and 


from G two Arcs GP, GE, of great Circles fall in the 
Circumference of the Circle IK; (h) the Arc GP, will 


be the leaſt of them all, and therefore leſſer than GF: 


Becauſe the Arcs GP, GE, are leſſer than a Semicircle, 
ſince they do not interſect before they divide the parallel 
IK. For ſince GP, is a part of a Quadrant tending from 


A, thro G. to the * Circle BD, it cannot cut 


the Arc GE, beyond the Ciicle IK, unleſs GP be either 
a Semici cle, or greater, and then it will cut GF, in F, ot 


on this Side F. Again, hecaute the Point G is taken in 


(c )Schol. 


21. 2. of 
tuis. 


the Superficies of rhe Sphere without the Peri phery of 


the Circle, and is not in the Circles Pole; (c) the Arc | 


GQ, will he the leaſt of all thoſe following from G,that 


is, leffer then Gil: Becauſe the Arc's GQ, GH, are leſ- = 


fer than a Se:nici:cle, ſince they do not interſect each o- 
ther before they mcet the Parallel NO, which is demon- 


WU2 


— oo ae da 


ſtrated, as before of the Arcs GP, GF. Therefore * | 
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| ArcFG, CH, is greater than GP, or G. And be- 
cauſe a right Line drawn thro G, and rhe Center of the 
Sphere, that is, the common Section of ile vicar Circles 
AP, EC, cuts the Plan of the parallel IK, within the 
here ; (for this right Line will not come to the Center 
the Sphe:e, that is, to the Center of the great Circle 
4 ABD, without firſt cutting che Plan of the Circle IK; 
- | fince the Parallel IK, is poſited between the Þ:rDllel 
| great Circle and the Point C,) The faid right Line will 
cut the Plan of the parallel NO, without the Sphere, if 
they be produced onthe Side of G: Since the Point Gis 
|  polited between the gicateſt of the parallels and the pa- 
nel NO. Therefore becauſe the two great Circles AP, 
| — — interſect in C, and in the Circle EC, on 
oth Sides the Point G, two equal Arcs GFE, GH, are 
aſſumed, and thro' F, H, parallel Plans of Circles are 
drawn, as IK, NO, whereof NO, meets the common 
Section of the great Circles, AP, EC, without the Sphere, 
2s has been proved, and each of the Arcs GF, GH, is 0 4. of 
" | greater than GP, or GQ: (4) the Arc GP, will be 
' | greater than the Arc G: (e) bur the Arc GP, is equal (% 70. 2. 
* | tothe Arc IL, and the Arc Q, tothe Arc LN. There- of this 
=" will be greater than the Arc LIN, 


V, _ - WF wy. Wy Y 


THEO.VL PROP. VL 


If the Pole of parallel Circles in a Sphere, be 
in the Circumference of ſome great Circle, 
and two other great Circles cut this great 
Circle at right Angles, one of which is one 
of the Parallels, and the other oblique to it; 
and if there are aſſumed equal Arcs ſucceſ- 
Fyvehh on the ſame Side of the Parallel great 
-| Circle, and through the Points terminating 
| the equal Arc's, and the aforeſaid Pole, 
| great Circles are deſcribed : Theſe will in- 
: | 1 terceps 


7 4 þ . R * 
* — — 5 porn _— 2 — — — a 


1 Re Raw 9 
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tercept unequal Ar.'s of the parallel rea 
Circle, wherecf that which is nig — 


great Circle firſt propoſed, will always be | 


greater than that more remote, 


Fig. 88. L ET A the Pole of parallel Circles in a Sphere, be i 
*- the Circumterence of the great Circle ABCD, 
let the two great Circles BD, EC, cut it at right Angles 

_ whereof BD, is the parallel great Circle, and EC, 


Fs 


1 _ to the Parallels; in which aſſume the equal Arc' 
Or. r. BG, GH; and through the Points E, G, H (a) and the 


of this. Pole A, let there be deſcribed the great Circles AL AK, 
AL, cutting BD, in I, K, L. I fay the Arc KL, ig 
greater than the Arc IK. For deſcribe thro the Points 


3 E, G. H, the Parallels MN, OP, Qt, cutti I 
92 5. in V, G. X. (b) Therefore the Are 2 is 2 
than the Arc ; and conſequently, (c) becauſe the 


* 1. | 
2. Arc VG is equal to the Arc MO, and the Arc GX, equal 
to O; the Arc VG, will be greater than GX. Aſſume 
the Arc GY, equal to GX, and through Y, deſcribe the 
Parallel ST, cutting the Circle Al, in Z. Therefore be- 
cauſe the Arc's GY, GX, are equal, as alſo GE, GH, 
(4) 3. of (d) right Lines HX, V, will be equal. And becauſe 


this. the great Circle A, paſſing through the Pole A, e) bi- 
7. 455. 2 ſects the Circle ST, at right A ngles, the e K. 1 


on, viz. the Line drawn from Z to the other Section, 
will be a Diameter of the Circle ST, upon which in- 
ſiſts at right Angles to the Circle Al, a Semicircle, to 
wit, the Semicircle beginning from the Point Z, and 
going through S to the other Section (that is, the Seg- 
ment of a Circle, not greater than a Semicircle : ) and 


e r r 3 | 


that right Line cuts off from the Circle Al, a Segment | 


por than a Semicircle, viz. which is drawn from the 
Point Z, through I, to the other Section with the Circle 
ST, and YZ, an Arc of the inſiſtent Semicirle, is leſ- 


| CH) 10.72, Ter than a Quadrant, (becauſe the Arc IK, (F) which 
10. 2. 7 a 
| 9 is ſimilar to it, is alſo leſſer than 2 Quadrant; which | 


thus may be demonſtrated. Since the great Circles BD, 
EC, are rizht to the great Circle ABCD, this likewiſe 
will be right to thoſe, and conſequently: will paſs 


Orr. r. ef thro their Poles. Wherefore it (g) will biſe& their Seg- 


ments, | 


e 


l 5 „ » 
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ments, (/) which are Semicircles, that is, it will divide (4) 9.2. 
them into Quadrants, Therefore the Arc of the Circle J hit. 


3D, poſited between B, and that Point wherein the 


Circles BD, C, cut one another, is a Quidrant, and 
IK, is leſſer than a Qnd'ant. For the Circle AK, 


falls between the Points B, I, fince it paſſes through 
| the other Pole of the Circle ABCD.) And fo the re- 


maining Arc of the inſiſtent Semicircle intercepted he- 
tween Y, and the other SeQion with the Circle Al, is 
greater than a Quadrant; à right Line YZ, () is the 


laſt of all the right Lines f. ing from V, on the Cir-* 


cumference ZI: and ſo is leſſer than VF, that is, than 
XF, which we have proved to be equal to the right Line 
YF. Wherefore becauſe the Circle QR, is leſſer than 


er Arc from its Circle, than a leſſer right Line YZ, 


(i)1. of 
hts. 


the Circle IT, a greater right Line HX, cuts off a great- 


from his, as we ſhall by and by demonſtrate Therefore 


the Arc HY, is too big to he Similar to the Arc VZ. 


() But the Arc KL, is ſimilar to the Arc HX, and IK (r) ro. 2. 


and accordingly ſince they are in the ſame Circle, the Arc 


KL, will be greater than the Arc IK. Q. E. D. 


LEMMA. 


| That the right Line HX, cuts off a greater Arc from 
its Circle than the right Lins IA, from his, will be ma- 


mifeft, the following Theorem being firſt demonſtrated. 


Equal right Lines cut off, from unequal Cir- 
cles, unequal Arcs; and the Arc of the leſſer 
Circle is too big to be ſimilar to the Arc of the 


_ greater Circle. 


Let AB, CD, be unequal Circles deſcribed about the 
ſame Center E, and let there be drawn from E, two 
rizht Lines, as EA, EB, cutting the Circle CD in the 
Forts ( D, the Arc's AB, CD, (a) will be ſimilar, ſince 


| © YZ. And thetefore KL is too big to be ſimilar to IK; 7 this. 


ig. 89. 


(a) Schol. 


the ſame Angle E at the Center inſiſts on them. And be- 33. ©: 


cauſe th: right Lines EA, EB, are proportionably cut in 


the Points C, P, becauſe EA, EB, are equal, as be alſo EC, (b) 2. 6. 


ED; b) the right Lines AB, CD, will be parallel. (c) wy (c) Corol. 
| 04. 6. 
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ſo the Triangles EAB, ECD, are ſinilar, having the 
Angles EAR, ECD, equal, as alſo EB, EDC, and 
( 3 4. 6. the Angle E common. (d, Wherefore as EA 1s to AB; | 
(e 
(f, 
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14. 5. fois EC, to CD: but EA is greater than EC. (e) 

1. 4. Therefore AB, will be greater than CD. (F) Where- 
(g)Schol.7 fore apply BF, in the Circle AB, N to CD; 3) 

. 3. then the Arc AB, will be greater than the Arc Fa. 

Wherefore ſince the Arc CD, is ſimilar to the Arc AB, 
the Arc CD will be too big to be ſimilar to FB. Q. E. D. 
From hence it is manifeſt, that nnch more a greater 
Line cuts off from a leſſer Circle, an Arc too big tobe | 
ſimilar to that, which a leſſer Lin: cuts off from a grea- 
ter Crrcle. dor becauſe the right Line CD, equal to 
FB, cuts off the Arc CD, too big to be ſimilar to the | 

Arc FB; much more à greater Lin? than CD, will |. 
cut off an Arc too big to be ſimilar to the Arc FB; 
Fince () that cuts off a greater Arc, than CD. Where- 

(b) Schol. fore in this 6th Propoſition, the right Line HA, bei 

28, 3.i greater than IZ, cuts off from the leſſer Circle Ql 
the Arc HX, too big to be ſimilar to to the Arc 12, 
—_— right Line TZ cuts off from the greater Cir- 


But this Demonſtration is only to be ＋ F 
Arc leſſer than @ Senncircle : as are BY, CD. For 
otherwiſe the Anvle in the Canter E, will not be com- 
mon; which notwithſtanding is require. ! in the Demon- 
ſtration. But yet, if a leſſer Arc of a leſſer Circle be 
too big to be ſimilar to a leſſer Arc of a greater Circle, 
 enuch wore too bie will a greater Arc of a leſſer (ir- 
cle be, to be ſiunlar to a leſſer Arc of a greater Cir- 
cle. And if it ſhould happen that the right Line CD, 
cuts off a Seaucrrcle from the leſſer Circle, that is, is | 


its Diameter, it i; manif-ft that the Semncarcle of the 
leſſer Circle is too big to be fiunlar to a lefſer Arc of 
the greater Circle; neither than will there be any net 
of a Demunſtration. = þ | 
This Lemma being demonſtrated, we likewiſe eaſily . 
prove, that equal ret Lines cut off from unegqua! 
Circles, unequal Arcs, that ts, Arc's of unzqual l-ngths, 
ſo that the Arc of the leſſar Circlz is longer than the 
Arc of the greater Circle, and alſo too big to be ſiuu- 
lar to it For let the right Lin CD, BF, be equal, 
and CO cut cf an Arc of a leſſer Circle ChD, and FB, 
an Arc of a greater Circle, a: FCH. I ſay the 2 


e DD TT — — — —— — —— 
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os, 
” 1 


5 the Su 


1 0 
Lo 
Is 
* 
7 
= 
, 
9 
| 
) 


s. is. - 


Book II. The Sphericks of Theodoſius. 

CED, 1s larger than the Arc CB. For the right 
Line "CD, agreeing to Fh, the Arc CED, neceſſarih 
fall without the Arc FGB; ond ſo the Arc CE D, will 
be longer than the Arc FGB, fince that contains this 
quite wit hin itſelf, and they are both Arc concave on 
the ſame Side, and have the ſame exreme Points, as in 
ppoſitioms before Lib. 1. de Sphera & Cylindro 
2 Neither will the Arc CE, comcide with) 
the Arc FGB, or fall within it. For if it is ſaid to 
coincide with , the whole Circumfer2nce of the Circle 
CED, will alſo coincide with the whole Crrcumference of 
the Grcle F GB, and ſo the Crreles will be equal. Which 
| ahſurdhſince they are ſuppoſed nnequal; and if the Arc 
CED, ts ſaid to fall within the Arc *GB, as the Arc 
CAD. Becauſe, as has — juft now proved, the Arc 
ED, that , CAD, too big to be ſimilaur to the Arc 
FGB, aſſume the Arc Hz, ſimilur to the Arc CAD, 
equently great ater than the Arc IGB: And ha- 
A the ny where in the Arc CAD, 
425 the right Lanes 4B AB, and produce FA, till it 
cuts the Arc FCB, in B: Draw t right Lines GH, 


| GB. Therefore becauſe: th: Arc CAD, HFB, are fi- 


milar, the les CAD, HA, bein 
are equal. (i) But becauſ, the An 
than the Angle CGB, * external than the internal; 
Sr le CGP. "all ſo greater than the A Is HBG, 
the Whole then the Part; ihe Anale CA, will be nn«ch 
greater, than the Angle HB. Which 1 abſurd. For 
it has been proved equal to 1t. Therefore the Arc CED, 
does not fall within the Arc NB: It neither coincides with 
it, as has been demonſtrated. Wherefore it falls with- 
out FGB, and ſo the Arc CED, will longer than the 
Arc FGB, as was ſaid. 
| From bence it is alſo extremely manifeſt, that much 
more à greater Line cuts off from a leſſer Circle an Arc 
195 _ that which a leſſer Line cuts off from a . 
cle, 


in "thoſe Segments 


0 THEO- 


CA, is greater O 16. 5 
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THEO. vn. PRO P. VIL 


IF a great Circle in a Sphere touches two pa- 
rallel Circles, and another great Circle is 
oblique to them, and touches parallel Cir. 
cles greater than them, and if their Contact 


be in the great Circle firſt propoſed, and 
there are afſumed equal Arc's in the oblique | 


Circle, on the ſame Side the parallel great 
Circle, if lafily, tbro the Points terminating 
the equal Arcs parallel Circles be drawn : 


Theſe will intercept unequal Arc's in the firſ 


propoſed great Circle, whereof” that which is 
nigber to the parallel great Circle, will be 
greater than that more remote. | 


Fig. 91. PL FT the great Circle ABCD, in a Sphere, touch the 


(4) 6.2.of — Circle in the Point A; (a) and fo another, as 
bis. CP, equal to it: And let another great Cixcle, as GH, 
_ oblique to the aforeſaid Parallels, touch two other pa- 

rallel Circles greater than thoſe, which ABCD, touch- 

ees, and let the Points of Contact in the great Circle 
Ac, be G, H; alſo let BD, be the parallel great 
Circle: Laftly, aſſume the equal Arc IK, KL, in the 

oblique Circle GH, and thro' the Points I, K, L, let 

(6) 20. 1. there be deſcribed the parallel Circles MN, OP, 


of this. I fay the Arc MO is greater, than the Arc OQ. ( 
= For thro' K,S, the Poles of the Parallels, deſcribe the 
great Circle SK, cutting the Parallels in the Points I, V: 
(rs. 2. (c) Alfo thro? K deſcribe the great Circle KE, touching | 
ibis. the Parallel AE, in E, and cutting the other parallels in 


X, ; yet fo, that theſe Points X,Y may he between tho 


0 Schol. Points L, T. and V. I. Which may be done. (d)Be- | 
- bp of cauſe thro' K, two Circles can be deſcribed cutting the | 
** Circle AE, whereof one falls between the Arcs KG, | 


KS, and the other without them; (for if they both 


thould touch the Circle AE on the ſameSide, they would | 
7 7 mutually | 


* 
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Circles 


mutually cut one another near to the Points of Contact, 
fince they would meet one another. VVhich is abſurd ; 
becauſe they interſect in a Point oppoſite to K, between 
the other Pole and the parallel great Circle. There- 
fore one of them may touch the Cir-le AE, on the right 
Side of KS, which biſe ds the Circle AE, and the other 
on the left Side, falling between KG; and KS: as is KE. 
For if it ſhould fall without KG, it could not touch the 
parallel AE; becauſe it does not firſt meet KG, unleſs in 
a Point oppoſite to K, where they mutually biſe& one a- 
nother.) If the firſt is aſſumed, the Points X, Y, may 


fall between the Points L, T, and V, I, fince it may cur 


both KG, KS, in K. Therefore becauſe in the Superficies 

of the Sphere within the Periphery of the Circle MN, 

the Point K, is affigned, without its Pole S, and from 

K, three Arcs KV, KY, KI, fall on its Circumference; 
(e) KV, will be the leaſt of them all, and KY leſſer Scho. 
than KI. Again, becauſe in the Superficies of the Sphere Bs 4 
without the Periphery of the ( ircle QM, the Point K, is 


_ aſſigned, without its Pole, and from K, to the —_— { )Schol. 


ference, the three Arcs KT, KX, KL, fall; (/) KT, , of 


will be the leaſt of them all, and KX, leſſer than . 


Therefore each Arc KI, KL, is greater than KY, or! 
And becauſe a right Line drawn thro K, and the Center 
of the . that is, the common Section of the great 
H, EY, cuts the Plan of the parallel QR. with- 
out the Sphere, if they be produced on the Side of K, (as 
in the Demonſtration of Prop. 5. of this Book, has 
been faid,) (g) the Arc KY; will be greater than the g) 4. of 


Are KX. (h) But the Arc MO is equal to the Arc KY, 15 


and the Arc OQ, to the Arc KX; for they are non-con-{#) 13. 2. 
uring Semicircles, whereof one, is drawn fiom A thro / . 
B, and the other from E, thro' K, (as is manifeſt from 

, 13. lib. 2. of this.) VVherefore the Arc MO, 


Prop 
will be greater than the A O. Q, E. D. 


O2 . 
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FOE. 


| Pont 

If a great Circle in a Sphere touches wo pa- 2 
rallel Circles, and another great Circle ob- * 
lique to them, touches parallel Circles grea- | a 
ter than the firſt mention'd Parallels, and tho 


their Conta i be in the great Circle firſt pro- 
poſed ;, and if there be taken in the oblique 
Circle equal Arc's, on the ſame Side of the 
parallel great Circle and through the Point: 
terminating the equa! Arcs are deſcribed 
great Circles, which likewiſe touch the ſame 

_ Circle that the great Circle firſt propoſed 
touches, and intercept ſimilar Arcs of the 
Parallels, and have thoſe Semicircles, which 
tend from the Points of Contact, to the | 
Points terminating the equal Arc's of the | 
oblique Circle, through which they are de- 
ſcribed, ſo, that they do not meet that 
 Semicirele of the fir! propoſed great Circle, 
in woich the Contact of ihe oblique Circle | 
between the apparent Pole, and the paral- 
lel great Circle is: They intercept une 

Arc's on the Circumference of the parallel 
great Circle, whereof that nigher the great 


Circle firſt propoſed, is always greater than 
that mos e remote. N 


2 
— 


Fig. 92. I ET the great Circle AB, in a Sphere, touch the Cir- 
() 6.2. I. cle AC in A, (a) and fo another equal and parallel 
8 ahi. to it. and Jet another great Circle DE, oblique to the | 
two Parallels, touch two greater Parallels; and let the 
Contact, as the Point D, be in the Circle AB; let BE, = 


* Thook In. The Sphericks of Theodofine, 


| 


| 


* 


rallel great Circle; and in the oblique Circle 
"me the cqual Arcs FG, GH :; and through the 
Points P, G, ti, deſcribe the great Ci cles CI, KL, MN, 


wichiag the Varallel AC, in C K, M, and cutting BE, 


the parallel great Circle, in I, L, N, fo that they may 
intercept fimilar Arc's of the Parallels, and their Semi- 
circles, beginning from the Points C, K, M, and paſting 
throngh F, G, H, may not meet the emicirele AB, be- 
inning from A, and paſſing through B. I fay the Arc 
f. reater than the Arc LN. For deſcribe through 


15 
F. G, H, the Parallels PE, OG, RH, cutting the Circle _ 
I. in O, S. (5) Therefore the Arc FO, will be grea- (2) 7. of 
ter than the Arc QR ; 7c ) to which, ſince the Arcs GO, 79% _ 
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are equal, the Arc GO, will be greater than GS. (e) 13. 2. 
We GT, equal to GS, and through I, deſcribe the this. 


Parallel VT, cutting the Circle MN, in X. And be- 


| auſe the common Section of the Circles MN, VX, that 
i the right Line drawn from the Section X, to the o- 
ther Section, cuts off a Segmenr, beginning from X, 


and paſſing through V, to the other Section, leſſer than 
a demicircle (0 

the Parallel VX, and not pa 
off a Segment greater than a Semicircle, viz. which is 
between the parallel great Circle , and the confpicuong 
Pole, as is the Segment beginning from X, and paſſing 


through A, to the other Section with the (ircle MN,) 


and cuts off from the great Circle MN, a Segment grea- 


| ter than a Semicircle, 7zz. which beginning from X, 


1 through N, to the other Section; and the Segment 
is inclin'd to the Segment XM. (For if through 
N, Y, the Pole of the Parallels, the great Circle 


(for the great Circle MN, cutting c 19. 1. 
Ang through its Poles, cuts oz 


YN, is defcribed, () it will be at right Angles to BE. (e) r;. r. 
Therefore MN, which is poſited between theſe two, is ibis. 


inclined to the ſaid BE, towards the Parts R, and ſo 
' reciprocally BE, and its Parallel VX, will be inelind 
towards the ſame Parts.) Alfo the Segment beginning 


from X, and paſſing through V, to the other Section, is 


aut unequally in T, and the Icifer part is TX, as pre- 
| fently ſhall be proved. (/) Therefore a right Line IX, is (N21. of 
leſſer than a right Line TE: But the right Line TI 2 - 

rt 


= 


is equal to H5 : and fo, as in Lemma Prop. 6, 


Book is demonlraed, the Arc HS is 19 big to be ftr (ba 


is 17 3. of 


& #5 ſimilar tothe Arc HS, and the Arc LN, to the Arc TY, 
che Arc IL will alſo be too big to be fimilar to the Art 


EN ; whence becauſe they are in the ſame Circle, II. ; 


will be greater than LN, Q. E. D. 
LEMMA. L 


We thus demonſt rate that the Arc TX, is leſſer than 
half the Segment beginning from I, and paſſing thro 


V, to the other Section. Thro' E, deſcribe the great Cir. 
cle EZ, touching the Parallel AC, in Z, whichizon | 
0 Schol. the right S:4s of the great Circle NT : (i) Since from | 


may be deſcribed, one on 


15. 2. of E, two Circles touching AG, 
4 


the left Side of the Circle NY, and the other on the | 
right : And EZ will be a Quadrant. For the great | 


Circle ZT, deſcribed thro' T, the Pole of the Circle AC 


( 5.2. and Z, the Print of Contact, (k) alſo paſſes thro the 


of this. Pole of the Tangent Circle EZ. (I) Wherefore the 
9 Circle TZ, will biſe# the Segments BE, EZ. () 
nd: Therefore ſince theſe great Circles biſedt each other, the 
| of this, Segments beginning from the Font E, and paſſing thro 

Z. to the other Sedion, will be cut in Z, into two Qua- 
drants ; and ſo EZ will be a Quadrant. be the ſame 
manner ED will be & Quadrant, if thro' the Pole I, and 


the Point of Camac D, the great Circle TD is deſcri- | 


| Cn) Cor. bed. (n) But the Arc of the great Circle between E, 
225 and the Pole 7, is alſo a a - Therefore the 


ſtance EZ, will paſs thro the Point, 7, D. By the 
ſame way of Reaſoning NM, may be proved to be a 

rant ; and ſo the preat Circle deſcribed from the 

Pole N, with the Diſtance NM, paſſes thro' T, the Fole 

the Parallele, and conſequently cuts the Arc BD, 

ond the Point D, and the Arc NB, beyond the Arc 


Dh, and ſo th: Arc XV, beyond the ſame Arc DB: | 


fence the great Circles ZYD, MT, mutually cut one an- 
othey in the Pole T; and the Point M is beyond the 
Circle DYZ. But becauſe the great Grele MY, drawn 
thro” T, the Pole of the Parallel AC, and M, the Fort 


(s) 5.2, 
of iis. Ce 
60. 2. 

of ous, 


Circle MN; it will paſs thro' the Poles of the 
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(b) 13.2: lar to the Arc TX. (b) Therefore ſince the Arc II, is | 


11 great Circle deſcribed from E, as à Pole, with the Di. 


of Camac, (o) will alſo paſs thro' the Pole of the Tan- 


| 


Orcles XV, MN, cutting each other in X; (p) _- 4 


E 


e * » 
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' #s leſſer than half the Segment boy inning from &, and 


* 248 N 8 TCH | 


' | tudes AB, AC; and E a Multiple of DG, the nigheſt 
2 i „ if there ſhould be 


| But now let the ne Mg 


= / F 


* * F o 
* * : 


fore it will biſet their Sg ment. Therefore ſince it 


aun the Segment, beginning from A, and paſſing 


thro V, to another Point in which the Circles „N 
inter ſect each other, beyond the Punt ; the Arc 


— thro V, io the other Section; whence T will 
W585 leſſer then half of th? ſams Segment. Which. 


| was to be demonſtrated. That th: Point | of Contatt M, 


1s without the great Circle DYZ, we thus demonſtrate. 


| Becauſethe Arc of the greateſt of the Prall FB, be- 


tween E, and the Greg TD, (q) 1s a Quadrant, as al- (4) Cor. 
ſo the Arc of the ſame between N, and the Circle TM ; 16. 1. of 


aul the Point N, is bezond E, towards B; the Circle bi. 
N, will be alſo without TD; and according ly M, i 
| — D. | | 


LEMMA Il. 


Two unequal Magnitudes being given : to 
find another mean one, which may be commen- 
ſurable to any other given Magnitude. 


Let AB, AC, be two unequal Magmnitudes g tven, and 
alſo DG any other; it . to find — mean Fig 93. 
one, that 1s, one greater than AC, but leſſer than AB, 
and commen(' wrable to DG. In the firft Place, let 
DG, be leſſer than FC, the exceſs between the 7 


greater than AC. Which being granted, E will be 


taken from E, a Magnitude equal to DG (which 18 

227. 4 hfer th than C) there would ftill remain a 
DG, greater than AC. Therefore E, 

CY ove 4. a Multiple of DG, the nig beſt greater 

than AC. Which is abſurd. Wherefore F, 25 not e 

to AB, and ſo much more will it not be greater. T. 


fare it is laſſer than AB, and conſequently ſince it 1s A 


alſo greater than AC, and commenſurable to DG, be- 
2. is a Multiple of it, what war propoſed i 10 na- 


de. DG, be not leſſer 


than BC. Therefore DG y ee and 6 


— — — — a 2 —— — - — 22 — — 
— — 2 
_ — aaa uo Re ans —_—_— — — — = — — IJ 
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(a) I. 10. ts gk. bi ſetted, and ſo continually, (a) till there * 


7 mans the part UF, leſſer than BC; let E oh Melts 

of DF, the n'gheft greater than A; than E, will 

09 12. 10 he furabl; bf gr (b) and fo to DG. 
both F, and DG, are commenſura 75 to DE. 
in the [ame manner, as before was — 


ter thaw AC, and commenſurable to DG, t 
Propeſed inf. 


2 _ N 


1 


HRO N RO P. N. 


If the F ole of Parallel Circles in a Sphere, | 
be in the Circumference of à great Circle, | 


which two other great Circles cut at right 
Angler, one of tobich Circles is one of the 


Arc's, in the Feripbery of the 2 2 
cle, which are not continuus, 


on the ſame Side of” the p or By eat 25 G. 
1 at each of | 
tt ofe Points terminating the equal Arc, 


y 4 and if tbro the on 


great Circles be deſcribed; they cut 


4 from the Periphery of the 2 reat 
Circ le, une 


s nigher to the great Circle firſt propoſed, 


ic aa greater chan bat more remote. 


fig 9. LE A, the Pole of agli Circles in a Spheve, be | 


in the Circumfetence of the gieat Circle AB, which 

- two great Circles BC, DC, cut at right Angles, ' whereof 

BC, is the parallel great Circle, and DG, oblique to 
the Pataffels ; in which aſſume the non-continuus 


1 Atc's EF, GH: (a) And tho the Points F F, G, 'B . 


of this. 


Becauſe | 
1 


will be leſſer than AB. Therefore ſince it in al, . = 


Parallels, and the other oblique to the Pa. 
rallels : And if there are aſſumed equal | 


une qual Arc s, whereof that which | 


b 
30 falls in the Pole 
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my * 


AD, AE, AF. I ſay A is the Pole of 
| @ For draw from A, to the Plan of the Circle BC, the 


_ 6D, 


| Line 4G, the 7 


4 * 


SCHOLIUM. 


The following two Theorems are * in the 


If there be taken i Point, in the Super- 


ficies of a Sphere, and from the ſame to the 
Gircumference of any given Circle in the Sphere 


there are drawn more than two equal right 


Lines: The aforeſaid aſſume! Point i is 2 Pole 
of that Circle. 


Let A be the Print aſſumed in the Superficies of the Fig 32 
ABC, from which to the Gircumference of g's „ 
le BC, there fall more than two right Lines, 

the Grrele BC. On. It 


cular AG \and j the right Lines DG, EG, 


| FG; then, from Def. 3. lib. 12. Euclid, al! the three 
33 will be ri 


17 e 


gbt os. & (b) 2 of the (6) 47. 11 

to the Squares of AG, GD ; 

to the Squares of 4G, GE, and Rc. 

2 Wo 5 2 pure of the qual right Line 

AE, AF, are e - alſo t ES 

together will be —_ 1 to the Squares 28 

ether, as alſo to the Squares of AG, 4 GE t * 

fore taking away t 2 fare of right 

emaining the right Lines 3 

r GE, GF, and conſequent h alſo the / aid Lines, "R 4 
be equal. (c) Therifire G G will be the Center 705 tb. 


the Circle BC; (d) end according the right Line Gd, b. 


drawn from the Center G, to the Circle : 
of that Grele. Therefore the 2 


* Nee Which was pro- 


E 


U. 
Cireles in a Sphere, frem whoſe Poles to their 


Circumferences are drawn equal right Lines, 
| ae equal. And right Lines drawn from the 


Poles 


34 


Fig. 33. 


al. Iſa } 

(a) 13. 11. the Circles BF, CE, are equal. (a) For let there 2 1 
les 4 

(6) 9. of D, to the Plans of the Circles, (b) which will fall in 


this. 


8 of other Poles, (c) and ſo in G, the Center of the Sphere. 


this. 


(4)8. 1. 


(926.1 


(6. of 


| this. 


41. 
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Poles of equal Circles, to their Circumferen. | 
ces, are equal. 1 


In the Sphere ABCDEF, let there be two Circles, us | 
BF, CE, from whoſe Poles A, D, the right Lines "it 
DE, drawn to their Gircumfe rences, are e 


drawn the ferpendicu lars AH, DI, from the Poles 


their Centers, H,. I, and from "thence produced, in the 


Therefore having drawn the Semidiameters FG, EG, | 
of the Sphere, and the Semidiameters FH, El, of the | 
Circles; becauſe the Sides AG, G, are to tie 
Sides DG, GE, and the Baſe AF, to the Baſe DE, th | 
Ang les AGE, DGE, (d) will bee al. But the An | 
gles H I, from Def. 3. lib. lid. Are right } 
ones, Tbereft fore the Triangles FH EGI, have i. 
Angles equal to two þ eg Alſo the fide FG is equal | 
to - Side EG : (e) Lee alſo the Senndiameter: |. 
FH, EI, will be equal; and conſequently the Circles | 
— \CE are equal, ' Which was the thing firſt pri- 
- 
Now let the Circles BF, CE, be equal. I ſay the | 
Lines AF, DE, Soon from the Poles to their Circum- | 
ferences are al. For the ſame things being can | 
— tbe es Bl FH, El, I be 
(f) and the Circles, equally diſ ant From the 
of the Sphere. Wherefore the Perpendiculars GH, Gl, 
will be equal; and conſequently the Lines AH, Dl, 
2 be equal. Therefore becauſe the Sides AH, 
47 to the Sides DI, IE, and contain the I. 
Angles ot H I, as being right ones, from Def. 3. lid | 
3 > Euclid, G) the Baſes AF, DE, will be equal. | 
Mich was the ſecond thing propoſed. 


EA ce a ad 999 tn. =... ©, fFhman} 
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Þ ff « right Line drawn thro the Center of a 
Sphere, cuts another Line not drawn thro 
the Center, in balf, it will be at right An- 
| gles to it. And if it cuts it at right An- 
Files, it alſo biſecta it. * 


1 LET the right Line AB, drawn thro' the Center A, Fig. 34. 
of a Sphere, biſect the Line CD, not drawn thro 1 

the Center, in the Point B. I fay it cuts CD at right 

| Angles. For a Plan being drawn thro' the right Lines (a) 1. of 
AB, CD, (a) making the Circle CD, (b) (which will this. 
de a great one, becauſe it paſſes thro the Center of the (6) 6. of 
) becauſe the right Line AB, in the Circle CD, %. 

- paſſing thro its Center A, biſc&s the right Line CD, 
mt paſſing thro the Center, in B, (c) it will cut it at (4) 3- 3. 
light Angles. And if it cuts it at right Angles, it will 
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7” 


N 


©? 


PTT ² U YT EO A ˙ ee 


| There is bere added in the Greek Verſion another 
|} Theorem, which is altogether the ſame, as 1s demonſtra- 


in the 7th. Prop. Therefore it *s needleſs here to 


End of the firſt ho 
By THE 


* 
_ 
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DEFINITION. 


to mu ually to ch one another, | 
when the common Section of 
1 touches each Cir- 
_ 


ak 


— 4 


„1 
— 4 
A 


S 


— Por becauſe a right Line touchigg 
any Circle in a Sphere, likewiſe touches the Superficies 
of the Sphere in the ſame Point in which it touches the 
Crrcle ( for if it did not touch it, but cut it, it would 
alſo n:ceyarily cut the Circle, becauſe it is in its Plan, 
and connect two Points in the Superficies of the Sphere, | 
| Viz. in which it is ſaid to cut it; which two Points alſo 
are in the Urcumf rence of the Circle ; fince the Plan 
of the Urcleis drawn thro' that Line, and accordinglyis 


5 cu 


" A 
= 
8 


dh 
2 
— 


e other, the aforeſaid common 


JN the ha Fi 
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dt by it in thoſe two Points.) Fromthence at is that the 


Poles of the Circle BF. & E. D. 


Greumferences of two Circles, the common Section 


ches the Sphere, common : Becauſe m that Foint, and 


which (to wit, which their Plans produced make) tou- 
des each Circle, have only that in which it tou- 


iom can touch both 


Greles ; fence that all the other Pyrnts of it, are with- 


| out the Superficies of the Sphere, and ſo without each 


Grele. Thereſore Theodoſius has rightly defened, 


| that Circles are mutually ſaid to. touch one another | 
þ ma Sphcre, when their common Section touches each 


THEO.J. PRO P. I. 
Parallel Circles in a Sphere, have the ſame Poles 


Lr there be the Parallel Circles BF, CE, in the 


— Sphere ABCDEF. I fay they have the ſame Poles. 
(e) For let A, D, be the Foles of the Circle BF, 
and the right Line AD, (5) will be 


Sphere. Therefore becauſe the right Line AD is per- 
pendicularto the CicleBF, (c it will be alſo 


1 icular (4) 2 f. f. 
v the Circle BF, and will paſs dur the Center of the Ct. 
ig. 35. 

perpendicular (0 7 


to the parallel Circle CE. Whence ſince it paſſes thro the this. 
31 the Sphere, as has been ſhewn; (d, it falls in („) Schol. 
the Poles of the Circle CE. The efore A, D, are the J fl. z 


Poles of the Circle CI. But they 


* 


THEO. Il. PROP. IL 


nn 


—— —„ 


Poles, are parallel. 


let the Circles Bp. CE, have the 
w I ſay they are parallel. For having 


ſame Poles : 


w — — — — — 


* 


Circles in 4 Sphere, which baue the ſame | 


drawa the right Line AD, (a) this will re 
this, 


A 
h "FS" * 2 9 
* 8 
f . 
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(6) 14. 11. lar to both the Circles. (Þ) Wherefore the Plans of the 1 
Circles will be parallel. Q. E. D. 1 


SCHOLIUM. 


8 E Following Theorem 7s likewiſ, e rated in | 
RH hs other Fakes. : demonſt 
There are not more than two Circles in a 
Sphere, Equal, and Parallel. 


Fig. 36. br any Sphere let there be, if poſſible, wore then | | 
two qr ths equal, and parallel, viz. the three AB, CD, | 


2 of EP(c) which will havethe ſame Poles. Therefere let the | 


5 | Poles be C, H, an. drawthe right Line GH, (d) which 
| 7 7% vil paſi tro I, the Center of the Sphere, and thro KIM, 
_ * 77 the Circles, and alſo wil be 
tay to the Circles AB, CD, EF. Therefore becauſe the 
G 6. 1. of Grcles AB, CD, EE are equal, they (e) will be - 
25 14 diſtant from the Center 1, of the Sphere, Whence, | 
Def. 6. lib. 1. of this, the Þ aps 1K, IL, 

7 4 will be equal, to wit, the Part IL, aud the Whole 


which ts abſurd. AED 


— 
_— 


THEO. II. PROP. IL 
If ro Circles in 4 Sphere, cut in the ſame 


Point, the Circumference of a great Circle, 


paſſing thro? their Poles, theſe Circles will 
mutually touch one another. 


* 


Fig LETte rho Giles AB, f hf Pei 
7. erence cle 2 
a thro their Poles. I ſay the Eile AB AC, meal 
touch one another in the Point A. For becauſe the 
Circle ABC, paſſes thro' the Poles of the Circles 
Co) 35. 1 B, AC, (a) it will biſect them at right Angles. 

ba Therefor e the common Sections ef the Circle ABC, and 
* the Circles AB, AC, viz, the right Lines AB, __ 


oY A 
1 
1 


ock 11. The Sphericks of Theodoſius. ”y 


be the Diameters of the Circles AB, AC. Let alſo the 


1 common Section of the Plans, in which are the Circles 


| Circle ABC? in A. Now fince the 
Plans of the Circles 


AB, AC, be the right Line DE, 
the Point A, becauſe the Plans are 1. * to cut the 
BC, been * 4 he 
A has ved to be at right Angles to t 
ſes AB, AC, the Plans of the Cir- 
Angles to the 
their common (#) 19-11. 


which will paſs thro' 


des AB, AC, will be likewiſe at ri 
Circle ABC; (b) and therefore 


| Seftion, will be perpendicular to the Plan of the Cir- 


4 de ABC, whence alſo it will be perpendicular to the 


5 Diameters AB, AC, in the fame Plan, from Def. 3. 

b. 11. Euclid. 5 ) Wherefore DE, dai dot m 2 Cor. 
'* Circles AB, AC, in A; and accordingly, by the De- 
ſinition of this k, the Circles AB, AC, mutually 
touch one another in the Point A. Q. E. D. z 


6. 3. 


F two Circles in a Sphere mutually touch 
each other, a great Circle drawn thro 
their Poles, will paſs thro' their Point of 
Contact. 5 


LEI the Circles AB, CB, in a Sphere, mutually 
touch each other in B; and thro D. the Pole of 
the Circle AB, and E, the Pole of the Circle CB, let 
there be (a) deſcrib d the great Circle DE. l ſay the Circle (4020. 1. 

DE, paſſes thro the Point of Contact B. For if it of this 
does not paſs thro B the Point of Contact, letiit cut the 
Circumference, for Example, of the Circle CB, in F. 


Fig, 38. 


| Now from the Pole D, and with the diſtance DF, de- 


fribe the Circle FG, which becauſe it is deſcribd with a 
diſtance, than the Circle AB is, it will cut the 
( CB, in F. But becauſe thetwo Circles BF, GF, 
in a Sphere, cut in the ſame Point E, the great Circle 


* 


DEE, deſcribed thro their Poles, the two Circles ey QF os 


CE, (b) will touch one another in E: But they 
likewiſe mutually cut one another in F. Which i 
ſud. Q. E. D). pa 


the 


is 
THEO- 


(4) 20. 1. re Now having (a 
9 cles. oF ow Cucle DE, thro' the Poles D, 
)4 of 22 B, the Point of Contact, "the 
E "5 25 of great San. DBE, will mutually (.) biſe# one 

this. another 


* th "3 A 
2 * LY * 
* * 0 n 
4 
P : 
7 L bh 


THEO. v. PROP. V. 


I two Circles in 4 G mutually touch one 
another, a great Circle deſcrib'd thro' the 
Poles of one of them, and their Point of 
Contatt, will alſo paſs thro the * of 
the other Circle. 


Fig-39: LET the emo Cindes AB, CB, in a8 phere, 
touch one another in B, and let D, E be their heir Pol 

I fay a Circle deſcribd thro' D, i + : 

Circle AB, and the Point af Contact B, al x 4 

Led the Pole of the Circle CB. For if it gh 
let it not paſs thro E, cut thro ſome other Point E, and 

) defenb- 1 
E, (0 


in Therefore each Arc DB, will be 2 
Semicurcle. But becauſe a great Circle paſſing thro F--1 
| (4) Cor. of the Poles of any Clocks in a Sphere, alſo (4) 
= of thro the other Pole, and there is a Semicircle of a great 


| Circle interpoſed between the two Poles; it is 
that D being one of the Poles, of the Circle AB, the 
Point B will be the other Pole: which is abſurd. For B 
is in the Circumference of the Circle. Wherefore the 
— de — 


THEO. VI. 


Fa great Circle in a 
Cirole deſerib'd in it's Superficies, the 
great Circle alſo touch another 
equal and parallel to it. 


PROP. VI. 
e touches anot ber 


alſo touch 


Fig. 45 LET the great Cite AB in a Spheve, touch the Cir 
= 


cle AC in'A. I fay the Cixcle AB may alſo 


— 


wo | 
one 


be ſaid | 
rcle 
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1 Diameters mecting the _— DM, OH, BG, 4 
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1 
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es + The Diameter of the Sphere, has, to 

the Diameter of the laſt mentioned Paral- 

| tel, a greater Ratio, than that Arc of the 
parallel grea: Circle intercepted between the 
great Circle firſt-propoſed, and the great 

Circle paſſing thro” the Poles of the Paral- 

lelt, bas to the Arc of the oblique Circle in- 

tercepted between the ſume Circles, 


24 
0 3 -» 


Er A, the Pole of parallel Circles in a Sphere, be Fs 1037 
in the Circumference of the great Circle AB, which 
two other great Circles LC, DI, cnt at right Angles, 
whereof C, is the parallel great Cir-le and BE, ob- 


| Jique to the Parallels touching the Puallel DF. Allo thro Nt 


| the Pole A, Jet there be deſcribed 3 Circle 


AE cutting DE, in the Poiut E, between 
| Tel great Circle, and the Parallel DF, which the ob- 


| | the Circle DF, (b) hecauſe the Circle AB. paſſes thro'; —_ 
the Poles of the Parallel DF. Alſo lex FN, CG, be P 


| deſcribe the Parallel OE, and let OH, EH, be the com- 


| tothe Diameter of the Parallel DF, has a great 
than the Arc BC, has to the Arc DE. For let the right cg 


| ler DL, be the common Settion of the Circies AB, DE, 
which alſo will. be a Diameter of the Sphere paſſing 


Ahe paral- 


lique Circle touches: I ſay the Diameter of, the Sphere 
er Ratio 


Line AG be the common Se gion of the Circles AB, AE; 
and BG the common Section of the Circles AB BC; 


| then AG, BG, will be Semidiameters of them, (a) be- (1 1 1 5 


cauſe great Circles in a Sphere mutually biſe& each o- J 9%. _ 
ther) and ſo of the Sphere, cutting each other in G, the 
Center of the Sphere, and of the great Circles. Alſo 


thro' G. Again, let DM, be the common Section of 
the Circles AB, Df; then DM, will be a Diameter of 


the common Sections of the ( ircles DF, BC, with 
the Circle AE. From the Pole A, with the diſtance AE, 


mon Sections of it, with the Circles AB, AE; and then 

EH, CG, will be Semidiameters of the Circles 
JF, OE, BC, () becauſe the great Ciicle AE biſects () 15. f. 
them thro' their Poles; and ſo the common Sections are of ;his. 
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qe Centers N., G. For OHis alſo a Diameter of the 

(4) 15. 1. Circle OE, (d) fince it biſects the Circle AB, thro 
& #15. the Pole A. Moreover let EG, be the common Sefton | 
of the great Circles AF, ED, which alſo will be a Di. 

ameter paſſi ig through G, 'the Center of a Sphere, | 

Lafth, let EL, be the common Section of the Circles | 

te) 10. 1. DE, OE. () And becauſe the ri he Line AG, drawn 


J this.” through the Poles of the parallel OE, is at right Angles | 


to the Flan of the Parallel, and falls in irs Center * 

the Angle OHG, (from Def. 3. lib. 11. Euchd) in the | 

Triangle (Hl, will be a right one; and fo the Angle 

6919 1. Hl, Neil be acute. (f) Therefoe the Side GI, will 

de greater, than the Side HI. Cut off the right Line 

IK, equal to IH. And draw the right Line EK. Again, 

* fe each Circle DE, OE, is at right Angles to the 

9. 11. Circle AB; ; C2) ELtheir common — will alſo be per» 

pendicular to the ſame; and accordingly (from Def. 3. 

Ib. 11. Fucli d.) the Angles EIH, EIK will be night 

ones. ' Thirefore becauſe the two Sides EI, IH, of che | 
Triangle ETH; are equal to the two Side - IK, of the 

Triangle EIK, and contain equal Angles, vis. right 

ones, as we Have demonſtrated, the ac IHE, IKE, 

(b) 4 7 (B) willalfo be equal. But becanſe the Pro 


portion of 
1 to the right Line IK, is greater than 


of the An e IKE, that is, of the Angle OHE, to the 
Or A IGE, as by and by we ſhall demonſtmte: (i) 
5.11. the Angle OHE, is equal to BGC; (e) (for the 
right Lines BG, the common Sections of the ra- 
rallel Plans, „Re, made by the Plan AB, are pa- 
rallel; as »Ho the right Lines FH, CG, the common 
Sedions of che ſame Plans, made bythe Plan AE) the 
Proportion of the ri Line GI, to * right Line IK, 
2 s tothe right Li 1H, wil be greater * of — | 
ca & nele BGC, to the Ang (I) Bur as the Ang 
0 * BGC, is to the Angle DGE; ſo is the Arc BC, to the | 
Arc DE. Therefor the Proportion of the right Line | 
GI, to the right Line IH; will be greater than of _: | 
(m) 4. 6. Axe BC, to the Arc DE. (=) Bur as Gl, is to IH: fo | 
() 15. 5. is GD, to DN. that is, (u) fo is the whole DiamererDL, | 
. to the whole Diameter DM, (o) (for DN OH, the 
common Sections of the panllel Plans DF, OE, made 
by the Plan AB, are parallel) therefore alſo the Propor- 
tion of DL, the Diameter of the Sphere, to — | 
am 


—_— 


_—_— nn 
I” | 
. _. 4b 
4 


- 


one 
D 
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_ the 


Diameter of the parallel DF, will be greater than of the 
Arc BC, to the Arc DE. Q. E. D. 


LEMMA. 
That the Proportion of the right Line GI, to the 
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right Lin? IK, ts greater than of the Angie [KF, to 


Angle IGE, we will prove in the following ILheo- 


In every right-angled Triangle, if from one 


this Side to its Segment, which is next to the 


right Angle, will be greater than the propor- 
tion of the acute Angle, which the Line drawn 


makes with the aforeſaid Side, to the other a- 
cute Angle of the Triangle. 


| of the acute Angles any how to the oppoſite 
Side, be drawn a right Line; the proportion of 


Let El be a Triangle, right angled, at J, and let Tig 154; 
there be any how drawn from the acut: Angle GEI' to 


to the oppoſite Side GI, the right Lins EK. I ſay the 


of the acute Angle IKE, to the acute Angle IGE. ( 
For draw thro G, the right Lins GA, parallel to EX, 
meeting IE, produced i= A. Then becauſ? the An- 
gle I, 15 a vight ene, the Angle IEC, will be acute, 
and ſo AEC, obtuſe. (4) Therefer? the Side EC, in 
the Triangle CE], ts greater than the Side GI : but 
in the Triangle AEG, 2 than the Side AG. Where- 


.. 
* 
1 


ion of te right Line GI, to IK, is greater than h. 


fore the Arc of a Circle deſcribed from the Cinter 


C, with the Diſtance GE, will cut the right Line Gl, 
produced heyen I 1, viz. to B, but the right Line GA, 


angle GAF, is greater than the Sector GE the 


| on this Sids A, as in (. Therefore becauſe the Tri- 


Proportion of the Triangle GAF, to the Triangl: GE, lr) 8 ; 


il bs greater than of the Sector GCE, to the Tri- Cas 3. 


angle GE]: (.) Hut ther: is yet a greater Proportion 


of the Sector GCE, to the Triangle GEL, than to the 
Sefor GEH: becauſe the Trianzle GE is lader than 


the Seffor GFB. Therefore the Proportion of the Trian- 


gle GAE, to the Triangle C El, will be nuchgrectey than 


of the Secter GCE, to 7 Sector CEB: (t) an! ac-(;) 28. 5. 
| 2 


cordingly 


* 


y 


s me Sphericks of Theodoſius. Book Il 
cording ly, by compounding, the Proportion of the Tri-. 
angle CAL, to th: Trienle GEL, will be greater than 
of the Sector GCB, to the Sector CEB: (u) But as 
the Triangle GA, is to the Triangle GEI; fo is the 
nn wright Lin: Al, to the right Lin? FI; (&) an as the 
(x) Cor. 1. ©. = 2 a ; 
33. 6. Sector GCB, is to the Sector GEB; ſo 15 the Angle 


(*) r. 6. 


Al te to JF, will be greater than of the Anole BGA; 


50.0, to the Angle BGH. Therefore the Proportion 7 * | 


Y 29.1. that ts, (y) than of the angle IKE, to the Angle GE: 


(=) 2. 6.:(z) But as A, to IE: ſo is Gl, to IK. Therefore al. 
fo the Proportion of the right Line Gl, to the rirht 
Line IK, will be greater than of the Anele IKE, tothe 


— 


Angle GE. Q. E. D. 


SCHOLIUM. 


*, the other Verſion tba following Theorem is ad- | 
44 5 


The ſame Things being ſuppoſed, the Dia- 


meter of a Sphere, to the Diameter of that Pa- 


rallel, deſcribed thro' that Point of the oblique 
Circle, thro which the great Ciicle paſſing 
thro' the Pole of the Parallels is drawn, 
has a leſſer Ratio, than the Arc of the parallel 
great Circle intercepted between the firſt pro- 
poſcd great Circle, and the great Circle paſ- 
ling thro' the Poles of the Parallels, to the Arc 
of the oblique Circle intercepted between the 
_ ſame Circles. 


Fig 105 Lot the Grell be deſcribed Cas in Prep. precd.) 1 
ſay the Diameter of the Spher2 to the Diameter of the 
Hara CE, haz; a leſſer Ratio, than of the Arc BC, 
to the Arc DE. Let GH, II, be the common Setti- 

ons 4 th: Grrecl:s GE, BC, with the Circle AB, which 
(a) 15. r. will be D'ameters of them, (a) becauſe AB, drawn 
of this. throuph their Poles biſects them at right Angles. 
: Therefore P, will alſo be a Diameter of the - 


| And becauſe the Circle DE, is ſuppoſed at ri 


N“ Zles to AB, DE (b) will paſs through the 4 


EE EN. SS & N88 & 7 


| of the Arc BC, of the rallel gre it 
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AB. In the ſans manner BC, will paſs through the 
Piles of the ſame AB, ſince it is ſuppoſed at right Au- 
gles to it Wherafors the Point M, cb they mu 

tually —_— will be the Fol2 of the Girile AB; a 
acror ling iy the Sginent DEL, which 7s at ripht An- 


| 75 to the Circle "AB, 15 unequally divided m the 


hint E wherem the Circles DE, (IE, int erſedt one ana- 


[ ther, and the liſſer Part wi lt be ED : (:) Becauſe the (c 28. 3. 
1 Arc's MD, ML, ar: equal, as having (From the Det. 


of a Fole) equal Subtenſes: (d) Therefore the right (2? Schal. 
Linz ED, will be tell than the right Lin- EG; 4d 2. of 
ſo ſince the Grele (IE, is lefſer than the C rele _— 


| the Arc EG, wil! be greater than the Arc DE. (e) For lem. 


Farin Line a. to the right Line ED, cuts off ma 6. of 
the Circle GE, a greater Arc, than 'the right this. 
Line DE „From the Circle DE, much more will the right | 
Lin? EG, whrch it greater than ED, cut off a greater 
Arc, Kr. J Wherefore the Proportion of the Arc - 
BC, to the p GE, Lhe be —. eh the Arc O85 
DE. But becauſ?, 7 2) as the Arc RC, 1s to the whole 975. f. 


Grcumſrrence of the Circle BC; 42 91s the Arc GE, to 
E 


whole Crycumference of the Circle oy of the -Y 
nilitude of the Arc's BC, GE; ani ſo by tation, 
as the Arc BC, is to the "Arc GE; fo is the whole Cir- 
cumference of the Circle BC, to the Crrcumferencs of 


_ the Circle GE; the Proportion of the Circumference of 


the Circle BC, to the Circu f:rence of the Circle GE, 
will alſo be Ieffer, than of the Arc BC, to the Arc 
DE. But as the Crrcumference of the Circle BC, 1s 
to the Circumference of the Circle GE; fo it the Dia- 
meter Bl (which is alſo a Diameter of the Sphere) 
to the Diam:ter GH, as Pappus bas demonſtrated, 
and alſo we in Lib. de Circuli "Park ar Archemidis. 


[ Therefore alſo the Proportion of th: Diameter of the £ 


2 EI, to GH, will be leſſer than the Arc * to 


Arc Bk. 2 ED. - 
COROLLARY. 


Hence the ſame things being ſuppoſed, the Ratio 

ircle intercepted 
between the firſt propo ofſed great Circle; and the great 
Circle AC, paſſing thro' the Poles of the parallels, to 
the Arc DE, of the oblique Circle intercepted bervees 


The Spbericks of Theodoſius. Book WM, 
the ſame Circles is greater than of R1dius, to the Signgl | 
the Arc AD, of the great Circle paſſing thro' the Fo | 
of the parallels; but leſſer than Radius to the Sign of 
AD, the Arc of the firſt propoſed great Circle intercey. | 
ted berween the Poles of the parallels, and the oblique 
Circle. For becauſe it has been proved inthis T heorew, | 
that the Arc BC, to the Arc DE, has a greater Propor. | 
570, 2 tion than the Diamerer of the Sphere to the Diameter 
„s, ef the Parallel GE; (b) but as the Dirmeter of the | 
Sphere BI, is to GH, the Diameter of the Circle GE; 

ſo is the Radius BK, to the Semidiameter GN, that is, | 
to the Signof the Arc AE. „ 


Therefore alſo the Ratio of the Arc BC, to DE; will | 
be greater than of the Radius BK, t© GN, the Sign of | 


r 
(i) 11. of (i) Again, becauſe it has been demonſtrated, that the 
this. Ratio of the Arc to the Arc DE, is leſſer than of 

© the Diameter of the Sphere to the Diameter of the pa- 
(95. 5. rallel DF. (x) But as the Diameter of the Sphere N 
is to DF, the Diameter of the parallel DF; fo is the 
Radius BK, to DO, the Sign of the Arc AD. There- 
fore alſo the Proportion of the Arc BC, to the Arc | 

c of the Arc 


—_—_— 


THE O. XII. PROP. XI. 


If two great Circles touch ſome one of p. 
or? Circles in a Sphere, ou intercept f. 
milar Arcs of the parallels, intercepted be- 
Tween the great Circles; and if another | 
great Circle oblique to the parallels, toncbes 
greater parallels than thoſe, which the jſt 

| propoſed great Circles touch, and the ſame 
2 Circle, cuts the ſaid great Circles 
in Points poſited between the parallel great | 
Circles, and that Circle which the 72 


nnn. 


. x 


FC 22 


oy * 


— 


f f 7 REF 2 


LESS: 


[ e the Diameter of the Circle EG, will 
| alfo 
becauſe the Arc PK, i 


| andthe Arc PK, leſſer than the Arc OK; 
will alfo be leſſer than the Arc MN; ( 3 and according=(, ) 8. 5. 


than of the Arc MN, 
ſince it has been proved, that the Ratio of the Diame- 


| Book III. The Sphericks of Theodoſius. 


| ſaid great Circles touch: The Diameter of 
the . to the Diameter of that Circle, 

which the oblique Circle touches, has a grea- 
ter Ratio, + te Arc of the parallel great 


| Circle, intercepted between the firſt propoſed 


great Circles, to the Arc of the oblique 
| Circle intercepied between the ſame Circles. 


fay the Ratio of the Diameter of the Sphere,to the Di- 
ameter of the parallel EG, is greater than of the Arc 


deſcribe the great Cir- of # 


pallets, and the Points E, I, X, 
parallel KO, cut- 


cles LH, LM, LN, and thro K, the 
ting the Ci e AB, in P. (b) Therefore becauſe 
Ratio of the Diameter of the Sphere, to the Diameter 
of the Circle EG, is greater than of” the Arc 
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ET the two Circles AB, CD, in 2 : Sphere, F 106 
touch the La AC, and intercept ſimilar Arc - 
of the Parallel, intercepted between them; — * = 
nother great Circle EE, rouch the parallel EG, 
than AC in E, which let be oblique to the parallel d 
cur the two firſt AB, CD, between the parallel 
Cucle HF, and the parallel AC, in the Points I L 


BD, to the Arc IK. (a) For thro' L, the Pole of the (4) 29. 1. 
5) 11. | 
the ©) 11. of 


HM, to () Cor:r. 


| the Arc FI; and the ratio of the Arc HM, to El, (c) of this. 
| greater than MN, to IK; the Ratio of the Diameter 


greater than of the Arc MN, to the Arc IK, And 
is ſimilar to the Arc BD, (fromthe 
is) (d) and the Arc OK, fimilar to 


ly the Ratio of the Arc BD, to the ArcIK, will be leſſer 
to the ſame Arc IK. Therefore 


ter of the Sphere, is to rhe Diameter of the Circle EG, 
greater than the Arc MN, to the Arc IK; therefore 
the Ratio of the Diameter of the Sphere to the Diame- 
ter of the Circle EG, will be much greater than of the 
Arc BD, to the Arc IK. QE. D. 


SCH O- 


the Are MN; (Y 10. 2. 
the Arc BD, 7 
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SCHOLIUM. 
n the Greek Copy it is affirmed that the Ratio of the 


Diameter of the Sphere, to the Diameter of the Circle 
= EG, 2s greater than of the Arc BD, to the Arc | 
1 or 
| 


Mpbicb is clearly manifeſt from our Demonſtration. 
fence the Diamster of the Sphere has a greater Ratio to | 
| | the Dramzter of the Circle EG, than of the Arc BD, 
to the Arc IK; double the Diameter of the Sphere will 
0 have a unich greater Ratio to the Diameter of the Cir- 
s. ge EC, than the Atte BD, has to the Arc IK; (f) fince 
that double the Diameter of the Sp ere, to the Diames- | 
ter of the Circle EG has à greater Ratio then the Dia- 
1 _ of the Sphere tothe Diameter of the ſame Cirile | 


| ITI HE O. XIII. PROP. XIII. 7 
| F# parallel Circles in a Spbere intercept equal 


Arc's of ſome great Circle on each Side the 


[| | ; Point, in which the great Circle cuts the | 
= Fearallel great Circle, and if thro the 
1 a Points terminating the equal Arc, and tbe 


| Poles of the Parallels be deſcribed great 
| Circles, or if great Circles be deſcribed | 
touching one of the Parallels, they cut off 
equal Arc's from the parallel great Circle. 


— 
= 
_ — ne 1 — 9 CE ET TH” rad. 3. 


= Fig 107. LET the parallel Circles CD, EF, in the Sphere AB, 
| 1 108. cut off from the great Circle HF, two equal Arcs 

| GC, GE, on each Side the Point G, in which the Cir- 
cle HF, cuts the parallel great Ciicle BG; and thro 
the Points C, G, E, draw great Circles either through | 
the Poles of the parallels, as in the firſt Figure, or touch- 
ing one and the fame m as in the Jaſt, cutting the 
parallel great Circle in H, I. I ſay the Arcs GH, 2 
eg | 


PF 


they are equal between themſelves. Q. E. D. 


F, an! cut tae two _— GH, BI, in KE. I fay 


(4) and accordingly in equal Circles CD, FE, they cut 5, 
off equal Arcs CK, FL; and ſo the Arcs CK, FL, will 


SCHOLIUM. 


Hence alſo is manifeſt, the ſame things being ſup 
poſe, that all the Arcs of great Circles interceptæd be- 
tween the Parallels, are equal between themſelves, as are 
CH, HE, KG, GL, DI, IF. For ſince the Arc GC, GH, 2 

re equal to the Arc's G, GL, (f) 13 Lines CH, Fl, (f) 3 of 2 
ar: qual; (g) and accordingly alſo the Arc CH, Fl, m_ 
wil be equal: (h) But the Arc's KG, Dl, are equal to ( 3 28. 
tr Arc CH, and the Arc's LG, EH, to the Arc FL ze 
Therefore all theſe ſiæ Arcs will be equal. 


THEO. XIV. PR O P. XIV. 


IF a g eat Circle in a Sphere touches two pa- 


rallel Circles, and ſome other great Circle 
oblique to t bem tou: bes two Parallels grea- 
Ter than the former ones; they cut off from 
the Parallels unequal Arc's, whereof thoſe 
that be nigher to either of the Poles be too 
big to be fimilar to thoſe more remote. 


a | LET the great Circle AB in a Sphere, touch the Circle Fig. 10g. 


AC; and another great Circle DE, touch the Circle 
the 


the Arcs KH, EF, are unequal, and KH, which is nigher 


to the conſpicuous Pole, is too big to be ſimilar to the 


Arc FI, more remote: or EB, nigher to the occult Pole, 


is to big too be ſimilar to the Arc KG, more remote. (a) | 


For thro' the Points E,K, deſcribe the great Circle LE, 
CN, touching the Circles AC, ſo that the Semicircles 


proceeding from C, thro N, and from A, thro' B, may 


not meet: As likewiſe the Semicircles from L, thro 


E, and from A, thro I. (6) Therefore the Arcs MH, 


EI, will be ſimilar. Wherefore KH, is too big to be 


 fimilar to EI. In the fame manner becauſe BN, GK, 


are ſimilar, BE, nigher to the occult Pole, will be tao 


dig to be ſimilar to the Arc GK, more remote. Q. E. D. 


ERRATA. 


Daze 4, Line 24, fot 4. read E. p.) I. 17 f. 4 G. pb, 


I. 16, dele Common, p. 10, |. 23 for Semidiameter r. Se. 
midiameters. p. 17, 1. 14, fer it r. i. p· 8, I. 17, for AE, r. AC. 


Þ» 20, |. 24, for BE, r. DE. p. 22, I. 4, for another, r. the - 


ther. Pe 24, l. 26, . 4 S HATE, P. 25, J. 33, for ADC, l. 
ACD. p. 33, r. (4) Schol 80 this. p. 40, |. 13, . But. p. 41, l. 


16, for E, r. F. p. 47, l. 12, inſtead of Dr. E. ibidem, I. 19,7. | 
I. p. 48, l. 32, tor E, r. B. p. 49, |. 21, inſtead of D;, r. GL 


P. 32, I. 24, fot J, t. T. p. 55, in the Margin,yr. (a) 20. 1. of this, 


p. 56, I. 10, dele (. p. 59, l. 19, for it, r. them. ibidem, | 
2, for from I thro' G, r. thro' H. p. 60 l. 19, for either. t. 
b. P. 6r, 1 IS, Fo CEFD, p. 79 I. 38, for EN, r. EV, p. 805 1 


I. 2, for MK, r- Mp. p. go, I. 25, for 10 r. two. p. 92,1 33 


for following, r. fal ling · p. 97, I. 9, for Sphera, r. Sphera. . 
110, | 12, dele greet. p- 417, ſcr Archemidis, r. Archimedis | 
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